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| BIOLOGY 


LOWERING plants are normally 
classified according to the struc- 
ture of the flower. Flower structure is 
therefore an important study for 
botanists. One way of describing 
structure is to give a lengthy descrip- 
tion in words of the shapes and 
arrangements of parts. A more con- 
venient method, however, is to give a 
sketch of the arrangement. Such a 
sketch is known as a floral diagram. 

A typical flower — such as a butter- 
cup — has an outer group of sepals, a 
group of petals, a number of stamens, 
and, at the centre, a number of carpels 
that give rise to the fruits and seeds. 
The floral diagram is a plan view 
showing the number and arrangement 
of these parts. The parts of a flower 
may be arranged in spirals or in a 
number of rings. This is shown by 
drawing the appropriate number of 
spirals or whorls in the floral diagram. 
When the number of parts (e.g. the 
number of stamens) is too large to 
count easily they are said to be 
numerous and not all are shown in the 
diagram. 

The positions of the main stem and 
any small leaves (bracts and bracteoles) 
on the flower stalk should be marked 
on the diagram. Any joining or over- 
lapping of the parts of the flower 
should be indicated too. From a floral 
diagram, a botanist can tell most 
things about a flower but cannot tell 
whether the petals are attached above 
or below the carpels. A floral formula 
will give this information although it 
does not give information on whether 
the petals touch or overlap. The floral 
formula gives the number of sepals 
(indicated by K), the number of 
petals (C), stamens (A) and carpels 
(G). Thus the formula for the butter- 
cup is K5C5A 0 Go. In this formula 
the sign ‘ oo’ means numerous. The line 
under the carpel number indicates 
that the carpels are above the petal 
bases, (i.e. superior). When the carpels 
are below the petals (znferior), the line 
goes above the figure. None of the 
parts of the buttercup is joined to any 
other but if they were, brackets would 
enclose the linked parts. 


VERTICAL SECTION THROUGH FLOWER 


FLORAL FORMULA ~ 
K5CSASGR. 


THE BUTTERCUP HAS MANY STAMENS AND 
CARPELS SPIRALLY ARRANGED. ALL PARTS 
BRACT ARE FREE. 


ALL FLOWERS ON THIS PAGE HAVE SUPERIOR 
OVARIES (i.e. ABOVE THE INSERTION OF PETALS) 


BRACTEOLES 


IN THE VIOLET THERE IS.A SPUR PETAL AT THE FRONT AND IT CONTAINS 
NECTARIES FORMED FROM ENLARGED STAMEN BASES. THESE FEATURES SHOW IN THE 
FLOWER SECTION AND THE DIAGRAM. ALL THE PARTS ARE FREE EXCEPT THE THREE CARPELS 


BRACTEOLE 


: BLUEBELL OR 
—— HYACINTH = 


THERE ARE NO 
DISTINCT SEPALS AND PETALS. 
FLOWER CONSISTS OF TWO WHORLS OF 
JOINED BLUE SEGMENTS WHICH ARE CALLED THE PERIANTH. THE 
STAMENS ARE EACH JOINED TO A PERIANTH SEGMENT. ALL THIS 
IS SHOWN IN THE FORMULA AND DIAGRAM 
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isomeric 
Fy, Os, 
turally. 
und in 


g poly- 


Although there are 24 poss 
monosaccharides with the formu 
only the four shown here occu 
Four disaccharides which ar 
nature or are obtained by hydro 
saccharides are shown above. 


Carbohydrates are necessary in the diet as a 
source of energy. A woodcutter uses more 
energy than an office worker, so he needs 
more carbohydrates in his diet. 


ORGANIC CHEMISTRY | 


NA 


CARBOHYDRATES 
— Energy Storers 


mal metabolism, and are 
from food. The proportions 
four types of substance vary great 
tween different foods. Potatoes, 
instance, contain a high proportion of 
carbohydrate, while lean meat is rich 


in protein. 

A varied diet, containing the correct 
proportions of these four elements, is 
essential to health. An excess of carbo- 
hydrates in the diet can lead to the 
formation of extra fat which is stored 
in the body. It is because of this that 
people who are over-weight have to 
reduce the amount of carbohydrates 
which they consume. 

The carbohydrates form a large 
and important group of naturally 
occurring carbon compounds. Some, 
such as glucose, have comparatively 
simple structures, while starch and 
cellulose are complex and their struc- 
tures are not yet known in detail. 
Starch and, more particularly, the 
simpler sugars are important sources 
of energy while cellulose forms a sup- 
porting tissue in all plants. 

The name of this group of com- 
pounds is slightly confusing, since it 
may be inferred that they consist of 


carbon atoms with water 
attached (i.e. they are hy- 
t as Epsom salt is the hydrate 
sium sulphate). But this is 
en though the proportions of 
and oxygen in the various 
ate molecules are the same 
r (i.e. two hydrogen atoms to 
en atom). 

er, the action of a pow 


mo 
drati 
of 
not § 
hydro 
carbo 
as in 
each 0: 
How 
dehydratt 


phuric 
molecules to leave almost 
(sugar charcoal). This 1 


blacken and swell out into a frothy, 
spongy mass of carbon. The elements 
of water in the sugar have been 
removed by the acid. 

This large group of compounds can 
be divided into a number of smaller 
families. The first distinction is made 
between the sugars and the polysac- 
charides. The sugars are sweet to the 
taste, are soluble in water and also 
have comparatively simple chemical 
formulae. By definition, the poly- 
saccharides contain more than eight- 
een carbon atoms in each molecule, 
but with the three principle poly- 
saccharides — starch, glycogen and cel- 
lulose — the number of carbon atoms 
is far greater. None of these compounds 
is truly soluble in water although 
starch and glycogen give colloidal solu- 
tions (the particles are too large to form 
a true solution). They are not sweet to 
the taste, though after some starch 
srains have been chewed for a short 


yme ptyalin in the saliva 
s the starch to give maltose, 
which is sweet. 

e sugars may be further sub- 
divided into two groups — the mono- 
saccharides and the disaccharides. Glucos 
(grape sugar) and fructose (fruits 
are amongst the most impor 
monosaccharides. The A 
formula C,H,.O, 
are formed b 


e the 
accharides 
onosaccharides 
combinin er at the same time 
losin e molecule of water from 
pair of monosaccharide mole- 

For instance sucrose (cane 


cules. 


FRUCTOSE 


sugar) is made up of fructose and 
glucose, while maltose (malt sugar) 
contains glucose units only. 

For the past eighty years organic 
chemists have devoted a lot of time 
and energy to finding the structures of 
the various carbohydrates and to es- 


‘The Silver Mirror Test 


found t 


tablishing the relati : 
them. At a fairl it was 
gars such as 


gluce 
t ilar to the aldehydes an 
For instance, they gi 
prownish-red precipitate of 
oxide with Fehling’s solutio 2 
silver mirror with ammoni ver 
nitrate. Further inve on has 
shown that glucose ains the 
—CHO group char istic of alde- 
hydes while fr Se contains the 
=CO group e ketones. As a 
consequenceg glucose is said to be an 


aldose while fructose is a ketose. Some 
of the disaccharides (e.g. maltose) 
have similar reducing properties, 
whereas sucrose does not. So the 
members of the disaccharide family 
are said to be either reducing or non- 
reducing sugars. 


First the reagent is prepared by adding ammonium hydroxide to a solution of silver 
nitrate until any precipitate has just re-dissolved. The sugar solution is then added, and 
the mixture warmed. The silver nitrate is reduced, and metallic silver deposited as a 


mirror on the wall of the tube. 


SILVER 
NITRATE 
SOLUTION 


AMMONIA 


SILVER NITRATE 
Is REDUCED TO 


REDUCING 
SUGAR 


WARM WATER 


ose had reducing, 


drates the oxygen 
st those in the carbonyl 
oining together a chain of’ 
charide units) are found in 
oxyl groups. So, at first, the 
nolecules of the sugars were thought 
to be hydrocarbon chains in which one 
hydrogen in each group had been re- 
placed by a hydroxyl group or two 
hydrogen atoms had been replaced 
by a carbonyl group. 

Further examination of their struc- 
ture has shown that simple sugars have: 
a ring structure and it is the carbonyl 


(CO) group which has provided the 


MANNOSE 


closing link in the ring. The carbonyl 
group appears to have opened out and 
the C—O linkage is not present. How- 
ever, this link is quite easily ruptured, 
and in consequence the simple sugars 
give some of the reactions associated 
with aldehydes and ketones. 


7 
= 
eo, 


ase. 


The elements of water in sucrose may _ 
| be removed by the action of a strong © 
_ dehydrating agent such as concentra- 
- ted sulphuric acid. 4 


oe 
pecs 


THE ACID TAKES 
WATER FROM THE 
SUGAR LEAVING 
CARBON BEHIND 


CONCENTRATED 
SULPHURIC 


FROTHY 
BLACK 
CARBON 


ee 
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| INORGANIC CHEMISTRY 


THE FINAL GROUP-— Group 6 


[JD URING the course of group analy- 

sis, metallic ions have been 
removed from a solution a group at a 
time. 

By now, five groups of ions have 
been removed. If this has been carried 
out properly, there can be only three 
types of metallic ions left in solution. 
These are the ions of group 6, mag- 
nestum, sodium and potassium ions. Pre- 
vious groups were brought out of 
solution as solid precipitates because it 
was a good way of separating them 
from the rest. As these are the only 
three types of ions remaining, there is 
no point in trying to bring them out of 
solution. (It would be extremely diffi- 
cult anyway because most salts of 
these ions are very soluble). 

If calcium was found in the previous 
group, some of it will have slipped 
through the net. Ifit is not all removed 
it will ruin the tests for magnesium. It 
can be removed by boiling the solution 
with a little ammonium oxalate and 
filtering out any solid calcium oxalate 
that forms. 

The solution is divided into two. 
One half is tested for magnesium and 
the other half for sodium and potas- 
sium. 


WITH SODIUM CARBONATE. 


ADDED BEFORE RE-HEATING 
PINK COLOUR VERIFIES MAGNESIUM 


CHARCOAL 
BLOCK 
TEST 


CONFIRMING THE PRESENCE OF 
MAGNESIUM 
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THE ORIGINAL SUBSTANCE IS HEATED 
A DROP OF COBALT NITRATE SOLUTION IS 


AMMONIUM COMPOUNDS 


PORCELAIN 
ROD 


RESIDUE 
UNDERGOES 
FLAME 


IF CALCIUM WAS FOUND TEST 


IN GROUP 5 THE SOLUTIO 
IS BOILED WITH A LITTLE 
AMMONIUM OXALATE. 
CALCIUM OXALATE 
COMES OUT OF SOLUTION 
AND IS FILTERED OUT 
FIRST. 


WHITE CRYSTALS 
ON STANDING WITH 
AMMONIA AND SODIUM 
PHOSPHATE SOLUTION 


MAGNESIUM 


ONCENTRATED 
DROCHLORIC 


LILAC FLAME 
PROVES 
POTASSIUM 


PERSISTENT 
YELLOW FLAME 
PROVES 
SODIUM 


IF SODIUM IS 
PRESENT, THE 
YELLOW MASKS 
THE LILAC COLOUR. 
BLUE GLASS CUTS 
OUT THE YELLOW 
AND ENABLES THE 

POTASSIUM 

FLAME TO BE 

SEEN 


| FORCES 


RESOLUTION of FORCES 


ALTHOUGH the gardener pushes 
his lawn mower into the ground, 
the machine actually rolls along the 
surface of the lawn. Likewise a barge 
can be moved along a river or canal by 
a tow rope which is being pulled from 
the bank. These are two examples of a 
force acting in one direction but pro- 
ducing motion in a different direction. 
Force, like velocity, is a vector 
quantity — to describe it completely it 
is necessary to state both its size 
and its direction. But as the above 
examples have shown, a force acting in 
one direction can cause the object on 
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The force exerted on the mower’s handle may 
be resolved into a horizontal component 
which moves the mower forward and a 
vertical force which presses it on the ground. 


which it is acting to move in another 
direction. 

The process of making a force pro- 
duce motion in a direction different 
from the direction along which it acts 
is called resolving the force. It is the 
reverse of combining two forces (which 
act at a point) using the theorem of the 
parallelogram of forces. 

Two forces acting at a point can be 
represented in size and direction by 
adjacent sides of a parallelogram. The 
equivalent single force (the resultant) of 
these forces is represented by the 
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diagonal of that parallelogram drawn 
from the same point. 

By reversing this operation, the 
single force is represented by the 
diagonal of a parallelogram and can 
be replaced by any two forces, provi- 
ded their sizes and directions are rep- 
resented by the two adjacent sides of 
this parallelogram. There are, of 
course, an infinite number of pairs of 
forces which will satisfy this condition, 
so it is more usual to resolve the single 


Which is Most Effective? 


It is only the forward component of the 
tension in the tow ropes from the two tugs 
which moves the liner ahead. 


force into two forces acting at right 
angles. 

The force acting down the handle of 
the lawn mower may be replaced by a 
horizontal force and a vertical force. 
It is the horizontal force which moves 
the mower over the ground. The verti- 
cal force has no effect on the motion 
because it is at right angles to the 
direction of motion. However, this 
force is not altogether wasted — the 
downward force keeps the mower 
pressed against the ground and en- 
sures that the cutting blades are close 
to the grass. 


THIS IS MOST EFFICIENT 
FOR MOVING OBJECT IN A 
HORIZONTAL DIRECTION 
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These diagrams show the effect on the horizontal and vertical components of a force 
if the direction of the original force is changed. It will be seen that the size of the horizon- 
tal component gets larger as the angle between the force and the horizontal diminishes. 
So the force is most effective when its line of action is the same as the direction of 
motion. 
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Graphs picture i two quantities vary. 


Above: velocity varying with time. Below: 
Often the quantities are called simply ‘x’ 
and ‘y’. 
CALCULUS comes from a word 
meaning simply ‘to calculate’, 
but in mathematics it includes only a 
specialized type of calculation. Calcu- 
lus deals with the way things change in 
relation to one another. Sir Isaac 
Newton, one of the originators of 
calculus, had a better name for it — the 
method of fluxions. 
The best way of showing how things 
change is to represent them on a 
graph. A graph with two axes, an ‘x’ 


axis and a ‘y’ axis pictures how one 
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Calculus deals with infinitely small changes. 
A curve is broken up into a great many tiny 
straight lines. Small changes in x and y 
taking place over one straight line are called 
5x and &y. When these become infinitely 
small, they are called dx and dy. dy divided 
by dx 1s the gradtent of the curve. 
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quantity (represented by ‘y’) changes 
when the other quantity (represented 
by ‘x’) changes. The value of y for any 
value of x can be found ‘simply by 
looking at the graph, and this is the 
most important piece of information 
that a graph provides. 

Another thing that can be found 
from the graph is the rate-of-change of y 
with x. This is the slope, or gradient of 
the graph. 

It is easy to find the gradient of a 
straight line graph. The gradient is 
the same anywhere along the line. If 
part of the line is made the sloping 
side, (or hypotenuse) of a right-angled 
triangle, by drawing in the vertical 
side and the horizontal side, the 
gradient is the length of the vertical 
side divided by the length of the 
horizontal side. 

Straight line graphs are common in 
science. They occur when the quantity 
represented by ‘x’ is directly propor- 
tional to the quantity represented by 
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The gradient of a straight line is the 
same at all points along the line. Any 
right-angled triangle with the line as 
its hypotenuse gives the gradient. 
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SIDE 


When the graph is a curved line, the 
gradient varies from point to point 
along it. But, at any point, it can 
be found by moving a ruler until it 
just touches the line at this point. 


The gradient at any point along a curve 
can be found from the line touching the 
curve at this point. The gradient 
varies from point to point. 
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Left: This is the graph of y = x. Ifx = I, y = I, if x = 3, y = 3, and so on. The gradient of this line is |. Centre: The graph of y = 2x. The 
gradient is 2. Right: The graph of y = 4x. The gradient is }. All graphs where y = just a number multiplied by x are straight lines. The gradient 


of the straight line is the number in front of x. . 


When the graph curves, the gradient varies 
from point to point along the line. This is a 
graph of y x (x = 1,yJ>=1;xX = 2, 
) = 4, and soon). When x = 1, the gradient 
ws 2. When x = 2, the gradient is 4, and 
when x = 3, the gradient is 6. Whatever 
the value of x, the gradient is twice that 


number. The gradient g ofy = xis 2x, 
x 


ON A HIGHLY 
MAGNIFIED SCALE, 
THE LINE IS 
PRACTICALLY STRAIGH 


THE POINT 
(x, y) 


side of the e Whrell! gives the 
gradient at this particular point. 

In calculus, a curved line is imagined 
to be made up of an infinitely large 
number of infinitely small straight 
lines, joined end to end. The gradient 


at any point then becomes the gradient | 


of the infinitely small straight line at 


that point. Over the small portion of 


the graph covered by the straight line, 
both ‘x’ and ‘y’ change by tiny 
amounts. The symbols used for the 
small changes are 5x and dy (delta-x 
and delta-y). 


dx is the tal side of a riangle 
and dy is the vertical side. The 
gradient of the sloping side is dy 
divided by 8x (the vertical side divided 


by the horizontal side) i.e. A When, 


6x and dy become so small that. they 
are almost equal to nothing, they are 
called dx and dy. The gradient of the 


: P dy dy. 
sloping graph is then dx’ dx the 


rate-of-change of y with x, and it is 
called the derivative. The process of 


finding is called differentiation. 


A graph shows how one quantity 
changes when another quantity 
changes. For example, the change in 
velocity (v) of a car with time (t) can 
be shown by plotting a graph of v 


: Se aa Vv 
against t. The derivative is then de 


This is the rate of change of the car’s 
velocity with time —in other words, 
its acceleration. In practice the deriva- 
tive is not usually found from the 


a dy dv 
graph itself. a 


are nearly 
always found by applying simple 
algebraic rules. These will be ex- 
plained in future articles. 
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WASHING 
WITH 
AMMONIA 


SHEETS 
OF PLATE 


A HIGHLY polished piece of silver 

can make an excellent mirror, 
but there are snags. To begin with, it is 
difficult to make the surface of the 
metal so smooth that it does not give 
a distorted image. If there are any 
bumps in the metal surface, any image 
viewed in the mirror will also be 
‘bumpy’. 

A mirror of this type has no per- 
manence. After a few days silver will 
lose its sheen, and begin to go dull 
and blacken. Therefore, before the 
mirror can be used again, it has to be 
carefully polished. This is naturally 
most inconvenient. So also is the price 
of such an article. Silver is not the 
cheapest of metals. 

Before it has corroded, though, sil- 
ver is an excellent reflector of light. 
It has a reflectivity of about 98%. 
That is to say, 98% of the light falling 
on the polished surface is reflected and 
only 2% is absorbed. If it can be pro- 
tected from corrosion, silver is an 
obvious choice for mirror making. 

For this reason ordinary household 
mirrors are made by depositing a layer 
of silver on the back of the glass. This is 
not expensive because the layer of 
Silver is extremely thin. The silver is 
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Making a household mirror from a piece of plate glass. 


protected against corrosion by a layer 
of copper and two layers of paint. 
The silver backing is put on a really 
smooth surface. Glass is a substance 
which can be easily worked and 
ground to shape. It is not difficult to 
obtain a glass surface that is even 
enough for household mirrors. Most 
plate glass will suffice. Ordinary win- 
dow glass can be used, but it gives a 
poor quality mirror because of the 
comparative unevenness of its surface. 

The silvering is done with a szlvering 
solution. Lumps of silver will dissolve in 
concentrated nitric acid to form a 
solution of silver nitrate. There is a 
tendency for the silver to come out of 
solution and deposit itself over the 
walls of the jar in which it is kept. This 
tendency is greatly increased by the 
addition of a reducing agent like an 
aldehyde. The silver nitrate is reduced 
to silver and the silver deposits itself 
as a mirror over the inside of the jar. 

This is the process used in silvering 
a mirror. If some sugar is added, the 
mirror is of much better quality. The 
sugar imparts a kind of stickiness to 
the glass surface, and the silver can 
stick more easily to the sugar than it 
can to the ordinary glass surface. The 
sugar acts as an adhesive. 


Wartime conditions prohibited the 
use of sugar, so manufacturers looked 
around for a substitute. The chemical 
substances now used are trade secrets. 
Also, each manufacturer has his own 
formula for the silvering solution, but 
the general pattern for a silvering 
solution is silver nitrate and a reducing 
agent. 

Most household mirrors are now 
made with a production line tech- 
nique. A piece of glass enters the 
machine at one end and a finished 
mirror leaves at the other. The sheets 
of glass are laid on a slowly moving 
conveyor belt. The conveyor belt is 
made of strips so that the liquids 
poured over the mirror can drain 
away into troughs beneath. 

The glass is first of all thoroughly 
cleaned. It passes under showers which 
spray the glass with dilute ammonia. 
Rotating nylon brushes scrub the sur- 
face clean and a spray of water com- 
pletes the cleaning. The glass slowly 
moves into a spray of adhesive solution 
which prepares the surface for silver- 
ing. 

As the glass passes under the colour- 
less spray of silvering solution, the 
shiny silver layer can be seen building 
up on the surface. The layer is thick 
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enough to prevent the light from pas- 
sing through, but not thick enough to 
remain undamaged in use. The thin 
layer must be protected. 
Water sprays the silvered surface 
clean and a protective layer of copper 
is put over the silver by spraying with 
a solution of partly reduced copper 
nitrate. Jets of air blow away the 
water clinging to the surface and two 
coats of paint complete the protective 
backing. 

Having a layer of glass in front of 
the silver reflecting surface greatly 


ORDINARY HOUSEHOLD 
MIRROR 


cuts down the amount of light reflected ; 


by the mirror. About 40% of the light 
may be lost in this way. This loss is 
not important when the mirror is only 
being used as a shaving mirror, but 
losing almost half the light in this way 
cannot be tolerated when the mirror is 
an important part of an instrument 


like a photocopying machine. As little 
light as possible must be lost here. 
Front surface mirrors 

Most mirrors used in_ scientific 
instruments have the silvering on the 
front surface. Far too much light is lost 
when it has to pass through a layer 
of glass to reach the reflecting surface. 
Silver with its reflectivity of 98% can 
be used but it does tarnish fairly 
rapidly. Aluminium is the next best 
among the cheaper range of metals. A 
good aluminium surface will reflect 
96% of the light falling on it and under 
normal conditions is slow to deterior- 
ate. A surface aluminized mirror will 
give a much brighter image than an 
ordinary one, but because of the extra 
cost, household mirrors are never 
made in this way. 
Mirrors with a silver backing can be 
e on the production line, but the 
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front surface mirrors are tailor-made 
for highly specialized purposes. Mass 
production has no place here. 

So far, no one has discovered a suit- 
able aluminizing solution. The layer of 
aluminium has to be put on the glass 
surface by vacuum deposition. Alumin- 
ium heated in a vacuum melts and 
starts to evaporate. The evaporating 
aluminium atoms travel in straight 
lines away from the molten source. 
They can do this because there are 
hardly any air molecules to deflect 
them from their path. They deposit 
themselves on any obstacle they find. 
If this happens to be a piece of glass, 
the facing surface is gradually covered 
with a layer of aluminium as its 
molecules condense on the surface. 
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The glass nearest the molten alu- 
minium will naturally receive the 
thickest coating. A really good mirror 
should have an even covering of 
aluminium. To achieve this, the mol- 
ten source should be the same distance 
away from all parts of the mirror and 
the aluminium should strike the sur- 
face at right angles to it. This is 
arranged by making the source follow 
the contours of the glass surface. 

Small mirrors can receive their sur- 
face coating in a glass bell jar, but not 
so, larger mirrors. A typical reflector 
for a telescope may be scooped out of a 
slab of glass several inches thick and 
weigh several hundredweight. The 
astronomical mirrors are made from 
thick glass to prevent them from sag- 
ging out of shape. They are carefully 
supported and the aluminizing is done 
in large steel vacuum vessels. 

Cleanliness is essential. A dirty 
glass will make a pock marked mirror. 
A fingerprint on the glass will stand 
out distinctly when the mirror has 
been made. The glass is washed with a 
liquid detergent, then with pure alco- 
hol and finally polished with a silk 
cloth. 

When it has been mounted in the 
vacuum vessel, two vacuum pumps 
start to remove the air. When sufficient 
air has been removed, an electric dis- 
charge is struck between two elec- 
trodes. The current jumps the gap 
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Mirrors where the reflecting surface is at 
the front are made by vacuum deposition. 
The metal deposited is usually aluminium, 
although rhodium and other metals can also 
be used. In a vacuum, molecules of alu- 
minium evaporate off from some molten 
aluminium and condense on the facing glass 
surface. 


from electrode to electrode. Atoms in 
the air are stripped of their electrons 
and give out a glow. The ions bom- 
bard the glass surface and give the 
glass its final cleaning before silvering. 

Little staples of very pure alumin- 
ium hang along a tungsten heating 
element. The heat from the element 
melts the aluminium which evaporates 
and deposits itself on the mirror being 
made. 

It takes only a few minutes for the 
shiny aluminium to build up to the 
required thickness, which may be 
600 A. At this stage the aluminium 
source is allowed to cool down and the 
‘silvering’ is usually given a protective 
overcoat of silicon monoxide by the 
same method of vacuum deposition. 


SO THAT 
SEVERAL 
LAYERS CAN 
BE, VACUUM 
DEPOSITED 
THE SOURCES 
ARE MOUNTED 


GLASS TO BE\COATED 


SOURCE IN 
TURN CAN 
OCCUPY A 
CENTRAL 
POSITION 


The silicon monoxide layer has no ill 
effects on the amount of light reflected 
by the surface. There are several other 
ways of protecting the aluminium 
surface. 

Rhodium is used sometimes in place 
of aluminium. It is a more expensive 
metal, but has much more resistance 
to corrosive atmospheres, like those 
encountered at sea. Rhodium is there- 
fore used for mirrors which are likely 
to be used under very bad weather 
conditions. The mirrors of sextants are 
usually rhodium plated. 


This telescope mirror has just been surface aluminized in the vacuum vessel. 
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PHYSICAL CHEMISTRY 


The PHASE DIAGRAM 


for WATER 


[UNDER normal conditions water 

boils at 100°C — its bozling point is 
said to be 100°C. However, water will 
boil at this temperature only if the 
pressure of the atmosphere is 760 mm 
of mercury. A liquid boils whenever 
its vapour pressure is equal to the 
pressure around it. 

On a mountain top, where the 
pressure of the atmosphere is far less 
than at sea level, water boils at a lower 
temperature than its normal boiling 
point. At the top of Ben Nevis in 
Scotland (height 4,406 ft.) atmos- 
pheric pressure is about 645 mm Hg 
and water boils at 95° 5°C. 

Even ice has a slight vapour pres- 
sure, and as a consequence a little ice 
will turn directly into vapour without 
first melting. The effect is noticeable 
in very cold weather when the air 
temperature remains below 0°C. In 
spite of the very low temperature, a 


PRESSURE 


thin covering of snow, or a thin film of 
ice on a road will disappear in a few 
hours through evaporation. 

The melting point of ice also varies 
slightly with pressure. This can be 
shown by placing a wire, from which 
heavy weights are hung at each end, 
across the top of a block of ice. The 
pressure of the wire on the ice causes 
melting (the melting point of ice is 
reduced slightly as pressure rises). 
Gradually the wire moves down 
through the block, but the water 
freezes again above the wire. This is 
because the pressure on the liquid 
water is now much less. 

Information concerning the varia- 
tion of melting point and boiling point 
as pressure alters can be shown most 
easily on graphs. Temperature is indi- 
cated along the horizontal axis while 
the pressure exerted on the substance 
is marked on the vertical axis. Graphs 
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The melting point of ice 
slightly dependent upon pressure. If the pressure is raised by 
about 140 atmospheres the freezing point falls by 1°C. This 
curve of temperature and pressure shows the conditions for ice 
and water to be in equilibrium. 
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of this type are called phase diagrams. 
The phase diagram for water is 
fairly simple, but similar though more 
complicated diagrams can be drawn 
to show the equilibrium between the 
various allotropes of an element like 
sulphur, or to find the most satisfactory 
composition of an alloy of two metals. 


(or the freezing point of water) is 
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pete eg ressure over water — 
as it is it is possible to 
keep it in ‘equilibrium \ is 
vapour almost down to 
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When the temperature reaches 0-007°C (the vapour pressure is 
then only 4-58 mm. Hg) the water freezes. Under these conditions 
of temperature and pressure, ice, water and water vapour are in 
equilibrium with one another. The point on the vapour pressure 
curve where this happens is called the triple point, because at this 
point all three phases are in equilibrium. 


The three diagrams can be combined to give a single phase dia- 
gram which shows the conditions of temperature and pressure 
necessary for equilibrium between the phases. The diagram contains 


three distinct areas divided from one another by three lines. 


The areas are marked solid, liquid and vapour. If the conditions of 
temperature and pressure of a sample come within one of these 
areas it will be all solid, liquid or gas. Within an area it will be seen 
that pressure and temperature can be varied quite considerably, and 
unless the point representing them leaves the area there is no 
change in state. 


PRESSURE 


The point of 
intersection of 
the three lines is 
the triple point. 
At this point 
(0007°C and 4-58 


Quite suddenly, at 374°C the 
water will remain liquid no lon- 
ger, no matter how great the 
pressure is. The critical point 
(374°C, 217 atmospheres pres- 
sure) has been reached and this 
point marks the upper end of the 
vapour pressure curve. 
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374°C 


Although the vapour pressure curve is quite smooth, it cannot be 
extended indefinitely in either direction. When the temperature of 
water is raised it can be kept liquid by increasing the pressure. 

However as the temperature is raised above 300°C, quite high 
pressures (over 100 times the pressure of the atmosphere) are 
required to keep the water liquid. 


The upper limit of the ice or 
sublimation pressure curve is the 
triple point. 
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This curve is not a continuation 
__ of the vapour pressure curve for 
~ liquid water — it comes below the 
line of that curve. 


lf the particular conditions 
(pressure and temperature) of 
the sample fall below the line the 
water is present as vapour. 


This vapour pressure 
curve represents the 
equilibrium between 
ice and water vapour. 


The lines represent the boun- 


mm. Hg) water 
can exist as ice, 
liquid water, and 
water vapour 
with all three in 
equilibrium with 
one another. 
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daries between the solid, liquid 
and vapour areas. If the condi- 
tions of temperature and pres- 
sure indicated a point on the 
line between liquid and vapour, 
water and water vapour will be 
in equilibrium. 
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O one who has ever done any 
gardening can fail to recognize 

an earthworm. These creatures, of 
which the largest and commonest 
British species is Lumbricus terrestris, are 
members of the oligochaete (—few 
bristled) group of segmented worms 
(Annelids). Worms live in practically 
all types of soil except acidic sandy 
ones and their abundance (it has been 


Diagram to show the aerating and ploughing 
action of worms in the soil. 


estimated that good meadow soil may 
contain half a million worms per acre) 
makes them valuable allies to farmer 
and gardener. Writing of earthworms 
in 1777, Gilbert White said ‘.. . the 
earth without them would soon be- 
come cold, hard-bound and void of 
fermentation and consequently sterile’. 
Darwin also wrote at length on the 
value of earthworms in aerating the 
soil and in pulling down decaying 
vegetable matter. 

Lumbricus terrestris — the common 
earthworm — is distinguished from 
other species by its reddish-violet 
colour. Other species are yellowish or 
grey-brown. There are about 150 seg- 
ments — all basically alike. The most 
noticeable external feature is the 
clitellum or ‘saddle’ which is a thicker 
region between segments 32 and 37 
and which is concerned with reproduc- 
tion. Each segment other than the first 
and last has four pairs of small bristles 
(chaetae) that assist movement and are 
responsible for the roughness of the 
worm. 


ROWS OF BRISTLES 


The movement of a worm can be 
studied by allowing it to crawl over a 
piece of rough paper. The bristles at 
the front end are withdrawn and the 
front end is pushed forward. Circular 
muscles in the body wall contract and 
the pressure on the body fluids causes 
the body to lengthen. Then the bristles 
are extended again and grip the sur- 
face. Bristles at the hind end are 
withdrawn and, by contraction of the 
longitudinal muscles, the hind region is 
drawn up towards the front. The 
bristles are again extended to anchor 
the hind end and the front moves for- 
ward once more. 

This type of movement is rather 
slow but the worm can also move very 
fast. If it is disturbed when partly out 
of its burrow it can withdraw very 
rapidly. Some large nerve fibres run- 
ning the whole length of the body 
carry messages rapidly to all the 
muscles and they contract quickly. As 
the hind end of the worm is fixed in 
the burrow by means of the bristles, 
the result is that the whole body 
shortens and retreats into the hole. The 
worm makes use of the two muscle 
layers in burrowing too. The circular 
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THE WORLD of EARTHWORMS 


muscles contract, making the body 
thin. It can then squeeze into cracks 
between soil particles. Then the longi- 
tudinal muscles contract and the 
pressure on the body fluids makes the 
worm fatter, thus enlarging the hole 
and allowing the worm to pass in. 

In a freshly dug worm, the dorsal 
blood vessel is quite easily seen through 
the body wall of the upper (darker) 
side. This vessel contracts periodically, 
forcing the blood forward. 

The earthworm is a fairly simple 
subject for dissection and can be 
killed by dropping it into alcohol or 
hot water. After the body wall on the 
upper side has been cut through the 
animal can be pinned down onto a pad 
of wax in a shallow dish. The dis- 
section should be done under water. 
When the animal is pinned out the 
most obvious feature is the food canal 
extending the whole length of the 
body. It is generally surrounded by a 
mass of yellow chloragogen cells that are 
concerned with excretion. The mouth 
opening (in segment one) leads into 
the small buccal cavity. In segment 
three this passes into the muscular 
pharynx which occupies the next three 


A simplified drawing of the stages of movement and a diagram of part of the body wall show- 
ing the circular and longitudinal muscles. Movement ts not possible on a smooth, hard surface. 
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Cutting open the worm. 


segments. Glands in the pharynx 
secrete mucus and enzymes that mix 
with the food. 

On the front of the pharynx there 
are two small masses of nerve tissue 
connected by a ‘collar’ of nerves to the 
main nerve cord running underneath 
the gut. These masses of tissue form 
the ‘brain’ of the worm. 

Behind the pharynx comes the 
oesophagus — a narrower part of the gut 
which is surrounded by five pairs of 
blood vessels called pseudohearts. These 


contract rhythmically and carry blood 
from the dorsal vessel to the vessel 
underneath the gut. Bulging out from 
the oesophagus are a number of small 
pouches which secrete calcium car- 
bonate (chalk). In this way the worm 


. 


PORE OPENING 
TO OUTSIDE 


The nephridium (left) and the nephrostome of the worm. The cil 


DIVIDING 
SEGMENTS 


gets rid of unwanted calcium and 
carbon dioxide. . 

Worms feed by swaliowing soil as 
they go through the earth. Much of 
their tunnelling is done by swallowing 
the soil as well as by forcing the 
particles aside. The soil goes through 
the oesophagus and into the soft- 
walled crop which probably secretes 
digestive juices. Behind the crop is the 
gizzard where the soil particles are 
crushed to release all the digestible 
material (i.e. decaying plant and 
animal remains). From the gizzard it 
all passes to the intestine where the food 
is further digested and absorbed. The 
undigested soil particles, together with 


COILED EXCRETORY 
TUBES (NEPHRIDIA) 


SEGMENT WALLS 


a fair amount of calcium carbonate 
pass out of the end of the worm as 
worm casts. Most, worms, including 
Lumbricus, deposit their casts under the 
surface but a few species make surface 
casts. Although these rounded lumps 
of fine soil are frowned upon on the 
lawn they are of great value to the 


NEPHROSTOME 

FUNNEL 

MOVEMENT 

DOWN TUBE 
7 


fe 


cause the body fluids to run down the tube. Useful salts are reabsorbed into the blood vessels 
which run very close to the tube. It opens into a pore on the segment behind that in which the 


Junnel is situated. The beating of the cilia can actually be seen if a fresh specimen is examined 


under the microscope. 
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BRISTLES 


1a of the funnel beat and 


gardener for they represent a natural 
ploughing action and churning of the 
soil. Darwin estimated that every 
particle of top soil goes through a 
worm at least once every few years. 
When they are disturbed by the 
gardener, worms quickly begin to 
burrow again for although they have 
no eyes, they do not like the light. They 
often come to the surface at night and 
drag leaves or other material into their 
burrows. They return to their burrows 


_when it gets light, hence the expression 9 


4a 


‘the early bird gets the worm’. Worms 


GUT WITH DORSAL BLOOD VESSEL 
YELLOW COLOUR IS DUE TO 

THE CHLORAGOGEN CELLS SURROUNDING 
THE GUT. 


A section through the worm showing the 
position of the chaetae, the layers of the body 
wall and the typhlosole — the curved in- 
growth of the gut wall which gives greater 
surface area for absorption. 


rarely come to the surface in dry 
weather or when it is very cold. 

The earthworm is an hermaphrodite 
animal-—there are both male and 
female structures in each individual. 
When the worm is opened, the large 
white lobes of the seminal vesicles are 
clearly seen around the oesophagus in 
segments nine to thirteen. This is 
where the male cells are stored while 
they mature. To examine the re- 


productive system fully, the food canal 
must be cut away carefully. In seg- 
ments nine and ten there are two pairs 
of spermathecae and in segment thirteen, 
a pair of tiny ovaries where the eggs are 
produced. 

If the mid-part of the seminal 
vesicles is opened, it may be possible to 
see the tiny testes where the male 


ee . vee 


RENE” 


SADDLE 


funnels which lead to the outside. 
These funnels open to the outside in 
segment fifteen while the funnels 
carrying the eggs open in segment 
fourteen. 

Life History 

Although both male and female 
structures are present in each worm, 
two individuals must come together to 
reproduce. This usually happens on 
damp nights when the worms leave 
their burrows. Two worms come to- 
gether, each with segments nine to 
eleven opposite the saddle of the other. 
They secrete a lot of mucus around 
themselves and then male cells are 
exchanged. 

Male cells (sperms) leave the open- 
ing on segment fifteen and run into a 
groove that extends backwards to the 
saddle. A series of muscle ripples 
carries the sperms along to the saddle 
from where they pass into the open- 
ings of the spermathecae of the other 
worm. The two worms then separate. 

In each worm the saddle then pro- 
duces a cocoon made up of slime cells. 
A dozen or so eggs pass back along a 
groove into the cocoon which then 
becomes detached from the body and 
slides off towards the front. On the 
way it picks up sperms pushed out of 
the spermathecae (i.e. sperms from 
the other worm). These sperms fer- 
tilize the eggs. The brownish cocoon 
is shed into the soil and is about the 
size of a pea. Usually only one 


cells are actually produced, and the. 


SEMINAL 
VESTICLES 
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SOFT-WALLED 

CROP 
MUSCULAR 
GIZZARD 


SEPTA - THE 
WALLS BETWEEN 
SEGMENTS 


The reproductive system with | 
vesicles partly cut away to shou 
and the funnels leading to the 
ovartes and spermathecae are | 


TESTES 


embryo survives in each Lumbricus 
cocoon but several cocoons are pro- 
duced by each adult until all the 
sperms have been discharged from 
the spermathecae. 

After a few weeks the young worms 
leave the cocoons and those that escape 
the attention of moles, birds and other 
enemies may live for two or three 
years. 

Getting Rid of Waste 

Unwanted carbon dioxide produced 
in respiration is got rid of by combin- 
ing it with excess calcium absorbed 
from the soil to form calcium carbon- 


ate (CaCO3). This then passes out 


SOPHAGUS 
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PROSTOMIUM 
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PHARYNX 


with the undigested soil. Waste nitro- 
genous material is excreted via the 
yellow cells surrounding the gut. 
These cells also store fats. The yellow 


cells secrete the parlig) | Bae aed 
substances into the body fluid. This 
then passes into the nephridia — paired 
tubes that occur in all but the first 
three and the last segments. They 


correspond to the kidneys of higher 


animals. The inner end of the neph- 
ridium is the nephrostome. It is a tiny 
funnel covered with cilia which beat 
continuously and help to move the 
fluid down into the t 
rostome is removed 


microscope it may even be possible to 


see the beating of the cilia. The tubes 
open to the outside by tiny pores. 
Blood vessels are closely connected 
with the coiled tubes and as the fluid 


moves down towards the pore, useful 
salts are reabsorbed. Excess water and 
the unwanted materials then pass out 
of the body. 


The nervous tissue surrounding the pharynx 
connects with a ventral nerve cord that can 
be seen when the gut is removed. 
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HENRY CAVENDISH 


CHEMIST and 
PHYSICIST 


N Thursdays in London at the end of the 18th century 
members of the Royal Society always came together 
for dinner to discuss new developments in science. One 
figure always to be seen there was Henry Cavendish. 
Henry Cavendish, son of Lord Cavendish was born in 
1731 in Nice, France. When he was 11 years old, he was 
sent to school at Hackney, London. In 1749 he went from 
there to Cambridge but he left without taking a degree. He 
joined the Royal Society in 1760 and from then on applied 
himself to the study of mathematics aud physics. Six years 
later he delivered papers on the properties of hydrogen and 
carbonic acid. At about this time he was investigating heat 
and had arrived independently at the ideas of specific and 
latent heat, but never bothered to publish his results. He 
also discovered nitrogen and described its chief properties. 
Henry Cavendish’s most important contribution to 
science was his discovery of the composition of water. It 
must be remembered that the ‘Phlogiston’ theory had been 
confusing chemists for some time and like others at the time 
he subscribed to this theory. He first of all carried out 
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Henry Cavendish (1731-1810). 


experiments on the composition ofthe that it had still the same weight. He 
air and showed ‘that it was always argued that the gases had combined 
constant: He > then mixed two parts of and turned into water. He did not 
‘inflammable air’ (hydrogen) withone publish his researches and a con- 
part of ‘dephlogistigated air’ (oxygen) troversy arose, some people saying that 
in a glass globe, and ignited the mix- Watt, the inventor of the steam engine 
ture with an electric sparks Other had been first in the discovery. 
chemists at the time had neglected the It was in connection with this ex- 
dew thatformed on the walls. Caven- _ periment that he discovered the com- 
dish weighed the globe/and showed _ position of nitric acid. Sometimes the 
oe pian ae se ae dew in the vessel turned out to be 
slightly acidic. He analysed the dew 
and found it to be nitric acid. He ex- 
= plained that the acid was formed by 
The firing globe neon C Seideth used was filled with the gases and weighed as shown. The — the combination of nitrogen with the 
mixture of gases was then exploded by a spark. He found that the weight had not changed other two gases. The nitrogen was 


and that the gases had vanished leaving a dew mside the globe. He used this experiment present as an impurity. He showed 
to explain thee gf water. 


CAVENDISH 
EUDIOMETER 
(FIRING GLOBE) 


MIXTURE. 
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2 PARTS OF . 
HYDROGEN 
TO | PART: 

_ OF OXYGEN 


that this was so by allowing more 
EXPLOSION nitrogen in, and forming more acid. 

In his later years, during the sum- 
mers, he travelled all over England 
and took note on the rock formations 
and scenery. His last great experiment 
was finding the gravitational pull 
between bodies or, as this experiment 
is sometimes called ‘weighing the 
Earth’. 


“HE FIRING 
3LOBE AND GAS 
AIXTURE WAS 
ZAREFULLY 
NEIGHED 
NITH AN 
ACCURATE 
3ALANCE 


APPLIED SCIENCE 


——_ 


FLAME-RESISTANT MATERIAL 


VERY year a frightening number 
of people die because clothing is 

set on fire. Thousands more are 
injured for life because too often there 
is only just enough time to put out 
the fire before it has done more serious 
damage. Clothing can burn very 


With untreated cotton, heat decomposes cel- 
lulose fibres into gases and tars which burn. 
The heat given out by the burning de- 
composes more cellulose which in turn 
catches fire. 


The flame resistant finish, based on the 
phosphorus compound (T.H.P.C.) is made 
to build up inside the hollow fibres of the 
cellulose. 


CELLULOSE FIBRES. 
THE THPC IS CONTAINED 
INSIDE THE HOLLOW FIBRES 
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quickly. Once it has caught alight a 
child’s nightdress can burn completely 
in fifteen seconds. 

Search has been made for suitable 
materials that are flameproof. So far, 
asbestos is the only really fireproof 
material that has been discovered. It 
simply will not char. But unfortun- 
ately, it is not suitable for everyday 
clothing. 

Nature has already provided wool 
and silk which are inherently non- 
inflammable. Even wool and silk will 
burn readily where they are used in 
blends with other fibres, whether 
natural fibres, such as cotton, or the 
man-made fibres. 

Cotton, which is less costly, burns 
readily unless it is given a flame re- 
sistant finish. This flame resistant 
material is not completely fireproof 
but it is much more difficult to make 
it burn. 

Ordinary cotton is very inflam- 
mable because immediately one part 
takes fire and starts to burn, the 
cellulose cotton fibre decomposes into 
highly inflammable tars and gases. 
So flames spread in all directions over 


the untreated cellulose fibre. The heat 
from the burning area heats up and 
decomposes more cellulose into tars 
and gases. These catch fire and burn, 
and so the flame progresses. 

To make a substance flameproof, 
both of these factors must be cut down 
to the minimum. There must be no 
inflammable gases or tarry substances 
formed when the clothing starts to 
char. This is ensured when materials 
are given a special finish such as the 
‘Proban’ finish which transforms most 
of these gases and tars into a non- 
inflammable carbon char. 

This finish is based on a phosphorus 
compound, _ tetrakis-hydroxymethyl- 
phosphonium-chloride. (THPC for 
short.) Strangely enough, this flame 
resistant finish for cotton fabric uses 
phosphorus, the element used to pro- 
duce a flame every time a match is 
struck. 

The THPC will not wash out be- 
cause the flame resistant compound is 
made to build up inside the hollow 
fibres of the cellulose which make up 
the cotton. 

When the material does come in 
contact with a flame, it chars and a 
very nasty strong smelling odour 
comes off which can act as a fire 
warning. The flame soon extinguishes 
itself and the charred material dis- 
integrates when it is tapped and does 
not stick to the skin. 


When treated material chars, the products 
are not inflammable and the flame does not 
spread. The ash falls away without burning 
into the skin and the strong smell acts as a 
fire warning. 


| ELECTRICITY | 


HEATING COILS OF 
DIFFERENT 
TYPES 


Induction Heating 


HEN a waiter in a restaurant 
enquires from a customer how 

he would like his steak done, he would 
be surprised if the customer answered 
‘Electromagnetically’. | Electromag- 
netically cooked steaks are not usually 
available though there is no reason 
why this method of cooking should not 
be used. The steak is first placed in an 
iron pan which is held above a large 


coil of heavy copper wire connected 
to an alternating voltage source. Soon 
the pan gets very hot and the steak 
sizzles, though the coil has hardly 
heated up at all, and the coil and pan 
are not even touching. 

The heating of the pan can be 
simply explained by Faraday’s laws of 
electromagnetic induction. These state 
that if a magnetic field going through 


A novel way to barbecue a steak. A tray of tce blocks placed between the coil and the pan, will 
not stop the cooking as it will not have any effect on the magnetic field of the coil. 


ALTERNATING CURRENT 
PASSES IN COIL 
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DUE TO CURREN®IN COIL 


a coil of wire is changed, then a voltage 
difference is induced in the wire and 
current flows in it. 

The bottom of the pan is a cylindri- 
cal iron plate above the coil. It has a 
very large alternating magnetic field 
going through it, from the alternating 
current in the coil beneath it. This 
plate can be thought of as made up of 
a number of concentric rings or coils 
of iron which are all joined together 
to make up the solid plate. The alter- 
nating magnetic field fluctuating 
through these 


WORK PIECE 
FED THROUGH 
RING 


The surfaces of very many steel articles 
such as scissors, car axles, and gears can be 
hardened metallurgically by heating the sur- 
face to a red heat and then quenching it. 
This is called ‘case hardening’. Induction 
heating is ideal for this process because it 
starts off by heating the surface first. 


OF 
HEATED 


GEAR WHEEL 


voltages in them which result in 
currents. These eddy currents heat up 
the iron because of its electrical 
resistance. 
Eddy Currents 

Eddy currents like this are used in 
the heating and melting of metals. In 
many types of industry induction heating 
forms part of a manufacturing process. 
Brazing, soldering, welding, the sur- 
face hardening and forging of steel, 
are all done by induction heating. 
Its advantages are that it 1s a much 
cleaner and more controllable form 
of heating than any other conventional 
type. It can be switched on and off at 


OUTER LAYER 

IS HEATED MOST WHEN 
HIGH FREQUENCIES 
ARE USED 


As the frequency goes up the eddy currents 
flow more in the surface layers of the con- 
ductor. 


THE THREE PARTS OF A 
SKATE BLADE ARE BRAZED 
TOGETHER BY INDUCTION 
HEATING 


TUNGSTEN TIP BEING SOLDERED 
TO TOOL 


will, and directed at a particular area. 

Induction heating equipment con- 
sists of a copper induction coil connected 
to a generator of alternating voltage. 
The alternating voltage causes cur- 
rents to flow back and forth in the coil 


Section through an induction furnace for 
melting scrap metal. This is a low fre- 
quency type of furnace and is connected 
directly to sy is ibe ae Poltage of the 
mains. _ at PS 
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MAGNETIC 


COIL O!} 
LARGE DIAMET ER 
— INEFFICIENT HEATING 


SMALLER COIL —-MORE EFFICIENT 


COIL INSIDE - NOT SO 
EFFICIENT 


For maximum heating effect the coil should be around the part being heated and close to it. 


and their alternating magnetic fields 
induce eddy currents in the metal 
being heated. 

The frequency and power of the 
alternating current generator depends 
on what it is going to be used for. The 
generator which will melt three tons 
of scrap steel will not be any good for 
brazing a radio valve. 

Generators 

Induction heating generators cover 
a wide range of frequencies. Large 
quantities of brass and aluminium can 
be melted by low frequencies round 
about the mains frequency of 50 
cycles per second. In the induction 
furnace the metal is automatically 
stirred by the eddy currents. In the 
production of high grade steel this is a 
disadvantage because it is important 
to keep the melting steel covered with 
slag, so higher frequencies — about 
10,000 cycles per second — are used to 
cut out this effect. Frequencies up to 
10,000 cycles per second are relatively 
low frequencies in induction heating. 
They are generated by an alternating 
voltage generator driven by an electric 
motor. 

When the part to be heated is very 
small, higher frequencies are needed. 
Frequencies up to 500,000 cycles per 
second (radio frequencies) are used for 
small parts heating. These are gener- 
ated by a valve oscillator. Radio 
frequencies are also used in the surface 
hardening of steel and in brazing and 
welding. Tungsten carbide tips are 
brazed to steel tools by radio frequency 
induction heating. This is done by 
placing silver solder between the 
carbide tip and the tool and bringing 
an induction coil close to it until the 
solder melts. There is no discoloration 
of the tool and the brazing can be done 
in about 25 seconds. 


The Inductor Coil 

Coils for induction heating are 
usually spirals of thick copper wire, 
or tubing. Water is passed through the 
tubing to keep the coil cool. The coil 
is bent into the shape of the part to be | 
heated, to be as close to it as possible. 
Sometimes the coil is placed outside, 
sometimes inside or flat on top of the 
part that is to be heated. The coil will 
heat only the region near it, so often 
it stays fixed and the parts to be heated 
move past on a belt or rollers. In 
induction heating the surface always 
heats up first, and then the heat 
gradually penetrates. If a certain 
depth of heating only is required, as 
in the surface hardening of steel, the 
time of heating must be carefully 
controlled. 


A small induction furnace and generator 
which melts up to 5 lbs of metal. 


| ASTRONOMY | 


STARS and GALAXIES 


A GALAXY is a collection of stars, 
dust and unattached hydrogen 
atoms. Average galaxies consist of 
about ten thousand million stars. So 
naturally there are a great many more 
individual stars than galaxies in the 
universe. However, when photographs 
of the sky are studied in detail, there 
appear to be far more galaxies than 
stars. The reason for this is that 
individual stars forming a galaxy 
are widely spaced in relation to their 
size, while whole galaxies are packed 
comparatively close together. 

The average star is about four light 
years distant from its nearest neigh- 
bour in space — about ten million times 
the star’s diameter. The average 
spacing between galaxies is only about 
a hundred times the galaxy’s diameter. 
Most galaxies are even closer than 


De eT 

Our own Galaxy, the Milky Way galaxy, 
has a spiral structure, and contains about 
200,000 million stars. The spiral disc ts 
about 100,000 light years across. 
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this to their neighbouring galaxies, 
because they tend to occur in groups. 
Small groups may contain about ten 
galaxies, while larger groups contain 
several thousand, some of them almost 
touching each other. 

All galaxies and stars are condensed 
from matter which was originally 
scattered in space. The matter was 
probably distributed unevenly, and 
galaxies tended to form where it was 
densest. A dense accumulation be- 
comes even denser as gravitational 
forces acting between the pieces of 
matter gradually pull them in towards 
their centre. Immense clouds of con- 
tracting gas formed into galaxies, 
while, within this cloud, individual 
stars were being formed where the 
gas was densest. 

Other factors may also have in- 
fluenced the formation of stars within 
the galaxies. Turbulence in the gas 


ou PX cloud may have been important, and 
oi 


e presence of magnetic fields in space 
eA also have had an effect. Only part 
offthe contracting cloud of gas formed 
‘into stars. The remaining gas settled 
into a flattened disc. Most galaxies 
apparently start as a whirling cloud of 
matter, and they do not seem to lose 
their rotation. The gas in the disc 
is at right angles to the axis about 
which the whole galaxy spins. 

More stars eventually form in the 
disc. They are younger than the stars 
which condensed when the galaxy 


How to tell the age of a 
galaxy 


|. Colour. If the galaxy appears red- 
dish, then it is probably an older 
galaxy, containing stars which have 
gone through their evolutionary pro- 
cess very slowly. The stars are of 
smaller mass than the Sun, and they 
eventually expand into red giant stars. 
If the galaxy is blue, it probably con- 
tains very hot young stars, which 
evolve quickly and soon fizzle out. 


2. Spectrum. The spectrum of the 
galaxy may reveal the particular kind 
of star present. Different forms of star 
have their special types of spectrum. 
Once the prominent type of star is 
known, it may be possible to tell its 
age. 


3. Mass of the galaxy. This is found, 
indirectly, from the speed of rotation. 
4. Luminosity. This is a measure of 
the light output of a galaxy. Mass 
divided by luminosity gives an indi- 
cation of how long the star can be ex- 
pected to sustain this energy output 
(i.e. how old it is). 


first contracted. Astronomers know a 
great deal about the subsequent be- 
haviour of both of these types of stars. 
They become hot enough for thermo- 
nuclear reactions to start within their 
cores, and then they can start generat- 
ing their own heat and light. Gradually 
they evolve and age, sending some of 
their matter back into space in ex- 
plosions before they eventually use up 
all their thermonuclear fuel and ‘die’. 
The Grouping of Galaxies 

It is possible to distinguish between 
old stars and young stars, and astrono- 
mers are fairly confident that they can 
estimate the age of any individual 
star. Galaxies, however, present a 
more difficult problem. They occur in 
many different shapes, sizes and 
colours. Some are powerful emitters of 
radio waves, while others send out 
hardly any radio waves at all. It is 
not known for sure which are the old 
ones and which are the young ones. 
Edwin Hubble (1889-1953) classified 
the galaxies according to their struc- 
ture. He found there are three main 
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The Barred Spirals 


The reason for the central straight bar 
of these galaxies is not completely 
understood. It is thought to be due to 


an even balance between magnetic 
forces in the galaxy and rotational 
forces. Barred spirals are divided into 
three groups, a, b and c. 


types: elliptical, spiral and barred spiral. 
About 60% of all galaxies are spirals, 
18% are barred spirals, 18% are 
elliptical, and the remaining 4%, 
which fit into none of the three main 
types, are called irregular. These have 
no definite shape at all. 

In elliptical galaxies the stars are 
mainly reddish, and there is very little 
dust and other matter in between the 
individual stars. The giant red stars 
in elliptical galaxies are thought to be 
old. Most groups of galaxies are pre- 
dominated by a large elliptical galaxy 
in their middle. 

Stars found in the discs of spiral 
galaxies are mainly blue. They are 


The Spirals 


Spiral galaxies are thought 
to form without central 
bars when the magnetic 
forces are insignificant com- 
pared with the forces as- 
sociated with the galaxy’s 
rotation. a, b and c denote 
the importance of the cen- 
tral nucleus relative to the 
spiral arms. Galaxies with 
small nuclei (type Sc) tend 
to have a marked spiral 
structure. In galaxies with 
larger nuclei (types,Sa and 
Sb), the spiral structure 
tends to be more insignifi- 
cant. 


SPIRAL GALAXIES 
PROBABLY DEVELOP 
IN THIS DIRECTION, 
TOWARDS THE So 
TYPE 


thought to be hotter, shorter-lived 
younger stars. One explanation for 
this is that galaxies originally formed 
as spirals. Blue giant stars were formed, 
but after they died, the long-lived red 
giants remained. By some means, the 
galaxy then condensed into the form 
of a reddish ellipse. 


these galaxies. 


GALAXIES 


The So Galaxy 


A new type of galaxy is apparently the 
connecting point between the three 
main types of galaxy. It is similar to 
the E-type galaxies, because it has no 
spiral structure, but is a more flattened 
ellipse than the E7 type. 


The Ellipticals 


These range from the almost spherical 
EO type, which can be hardly rotating 


at all, to the elliptical 
apparently rotating much more. The 
more spherical the galaxy, the redder 
it appears. Ellipticals are thought to be 
old galaxies. There is very little hydro- 
gen gas and dust between the stars in 


ELLIPTICAL 


E7 ‘type, 


ELLIPTICAL 
GALAXIES 

BECOME ROUNDER, 
COLDER, REDDER 
AND OLDER 
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Differentiating from 


First Principles 


HERE is a simple rule for differ- 
entiating mathematical expres- 
sions like y = x, y = 2x7, y = 5x°. 
The rule is: multiply the number in 
front of x by the power of x. Then 
reduce the power of x by one. The 
d 
dx’ 
y represents one quantity, x represents 
another, and_» depends on x in a way 
shown by the equation. dy is an in- 
finitely small change in_y and dx is an 
infinitely small change in x. y and x can 


result is the derivative, written as 


y=2 


x=1234... 
y =281832... 


Y-AXIS 


Why does this rule work? It can 
easily be proved to be right, by draw- 
ing graphs of y and x, and finding the 
slope, or gradient of the graph. This is 


the same as the derivative, ®. But it 


can also be worked out from first 
principles. The method starts off with 
the expression to be differentiated — 
for example _y = 2x”. Both » and x are 
assumed to increase by tiny amounts 
dy and 6x (delta-y and delta-x). » be- 
comes y+ dy, x becomes x + 6x. 


x increases 
tox + 6x 


THIS IS THE 


POINT 
(x + x) (y +8), 


At the same 
time y 
increases 
toy +déy 


This is the graph of y = 2x’. At all points along the graph, y = 2x2. So if x and y increas 
slightly to (x + 6x) and (y + dy), the increased values of x and y (x + 5x and y + dy) 


must also be governed by y = 2x?. 


represent any two varying quantities — 
the speed and time travelled of a car, 
the pressure and temperature of a gas 
are two examples. It is easier to deal 
with quantities like speed, time, 
temperature and pressure when they 
are represented by symbols like x 
and y. 

Differentiating shows how quickly 
one changes when the other changes. 
Differentiating » with respect to x 
means finding how quickly y changes 
when x changes. It is possible to work 
the other way round, differentiating 
x with respect to_y, but ‘y with respect 
to x’ is the most usual way. 
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Step | 
Applying Simple Algebra 
Atall points along the graph — 
y = 2x? 


Also y + dy = 2(x + 6x)? : 
y + by = 2x? + 4x. dx 4+2(6x) 


But y = 2x?, always. So both y and 2x? 
can be cancelled out of the equation. So 
the remaining part of the equation is 


FIRST PRINCIPLES 


When a sctentist or mathematician works a 
solution from first principles, he does it 
the hard way, with no short cut formulae. In 
doing this, he probably evolves the short cut 
methods. 


RULE-OF-THUMB 


Once the hard thinking has been done in find- 
ing the right rule-of-thumb method, there 1s 
no point in going back to first principles 
again, except as a mathematical exercise. 


———SESEE—E—— 
CHECKING THE ANSWER 


j 3 
1 ey 
| 
VERTICAL SIDES | 
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ARE MEASURED 
IN ‘Y UNITS 
| 
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Answers derived from first principles are 
best checked to make sure that they make 
sense. The answer for y = 2x can be 
checked by drawing a graph of y = 2x?. 


Se 


y equals 


aconstant — 


nothing 
(i.e. just anumber) 


and so on and so on 


IS VERY 
CLOSE TO 
POINT 


(x, y) 


2x (which 
ae a 

This expression can be multiplied 
out — it is a matter of simple algebra. 
One of the results of multiplying is a 
term (6x). Fortunately, this awkward 
term can be dispensed with quite 
easily. 5x can be made very small 
indeed — practically equal to nothing. 
When it is exceedingly small 6x multi- 
plied by itself (6x)? becomes infinitely 
small. (Just as a thousandth multiplied 
by a thousandth does.) It becomes 
quite permissible to strike it out of 
the equation altogether. 

dx is called dx when it is made very 
small, and, to correspond, dy is turned 
into dy. 

With the (dx)? term gone, it is 
possible to manipulate the equation, 
and find dy divided by dx. This is the 
derivative, and it works out at exactly 


equals y) becomes 


THE GRAPH OF Y = CONSTANT. 
IT IS A STRAIGHT LINE 
PARALLEL {O THE X-AXIS 

THE GRADIENT IS 0 


FRONT OF X 


LEFT: 
Y = X2. THE GRADIENT IS 
2X. IT DEPENDS ON X 


IGHT: 
Y = X3. THE GRADIENT 
ALSO DEPENDS ON X. 
IT IS 3X2. 


Step 3 


(1,000; 7,000,000 


Small fractions of numbers become 
even smaller when they are multiplied 
together. So dx xX dx (i.e. (dx)’) 
disappears from equations in calculus. 


4x —the result given by the rule-of- 
thumb method. 

The rule-of-thumb method can be 
checked from first principles by going 
through the same procedure with 
other expressions involving ‘x’ and ‘y’. 


dx and dy, although they are very small indeed, are not small enough to be neglected. 


So dy = 4x. dx +2(dx)? becomes dy = 4x. dx. 


Divide by dx to get the final result 
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| OPTICS | 


TESTING A 
MICROSCOPE 


PENNY-in-the-slot weighing ma- 
chine will tell your weight in 
stones and pounds. The exact number 
of ounces, it will not tell, because this 
is unnecessary information. The 
machine has certain limits and if it is 
required to work outside these limits, 
it fails. Only very rarely does a human 
being weigh over 20 stone so there is 
no point in designing the scales to 
read over this value. Should anyone 
over 20 stone come along, the machine 
will not register a reading of his weight. 
In other words, the instrument has 
been designed with a certain job in 
mind. Within its limitations, it works 
well; outside them, it does not. If 
something like four-decimal-place in- 
formation is required, then a different 
instrument must be used to give it. 
In just the same way, there is no 
such thing as an all purpose micro- 
scope. Each microscope is designed 
for a particular job and each micro- 
scope has limits beyond which it will 
not work satisfactorily. It may be that 
one microscope will give all the in- 
formation required about a sample by 
magnifying it 50 times. But when 
another slide is put under the same 
microscope, there is nothing to be 


Once it has been calibrated, the microscope 
can be used as a measuring instrument. 
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i 
EACH DIVISION IS ACTUALLY {0 MM. 


16 MM LOOKS AS THOUGH IT IS 10 MM. 
3 MM ARE MAGNIFIED TO LOOK LIKE 100. 
THE SLIDE HAS BEEN MAGNIFIED 33-3 TIMES 


EYE-PIECE 
RULE EEE ET OUT Fa cee 
MAGNIFIED ee 


LMM. SCALE SCALE 
10 MAGNIFIED 
BY OBJECTIVE 


The magnification is found by viewing a 
test slide on which there are accurately 
ruled markings. The magnified image 1s 
compared with a rule inserted in the eye- 
piece. 


seen. A different instrument with a 
much higher magnification must be 
used, to bring the picture into view. 
It is a good idea to know the working 
range and the apa ae of any 
instrument being used. 

Knowing the maneiehiion of a 
microscope is therefore very im- 
portant. From the way the lens system 
has been designed, and the strength 
and type of every lens in the optical 
system, it is possible to calculate what 
the magnification of the microscope 
should be. This can often be very com- 
plicated and anyway, instruments do 
not always behave as they theoretic- 
ally should. A small experiment to 
find the magnification is much easier 
and is a much more accurate check 
because it tells how the instrument 
actually does behave and not how 
it theoretically ought to behave. 
Finding the magnification 

The optical system of a microscope 
consists of two basic parts. Nearest 
to the specimen being viewed is a 
collection of lenses called the objective. 
The objective produces a real magni- 
fied image of the specimen. 


Dropped in to the other end of the 
microscope tube is a set of lenses 
(the eyepiece) which forms a much 
magnified virtual image of the first 


image. This is clearly seen by some- 
one looking through the eyepiece. 
When the magnification is being 
found, a special slide (stage micro- 
meter) is viewed instead of the normal 
specimens and samples. The test slide 
consists of a transparent material on 
which very fine markings are ac- 
curately ruled. These markings are 


THIS SLIDE 


IS MAGNIFIED 

BY THE 

OBJECTIVE aiea watt 
AND ; 
COMPARED Linc 
TO THE SLIDE 


IN THE EYEPIECE 


too close together to be seen with the 
naked eye. There may be 10 or 100 
accurately ruled markings on each 
millimeter of this transparent ruler. 
The exact number will be printed on 
the test slide. 

When the test slide is viewed 
through the microscope, perhaps only 
three or four of these markings will be 
visible on the magnified image. In- 
stead of being too close together to be 
seen, the markings will now appear to 
be quite widely spaced. The number 


men er eee 


of times the test slide has been magni- 
fied is found by comparing this image 
with an accurate ruler which has not 
been magnified. This second ruler — 
the one which is not to be magnified — 
is inserted in the eyepiece of the 
microscope and the eyepiece is ad- 
justed so that it is sharply in focus. 
On looking through the microscope 
two sets of rulings can be clearly seen. 
The position of the test slide is adjusted 
so that its enlarged image lies alongside 


MIRRORS WITH 
SETS OF LINES 
RULED ON 
THEM. EACH 
MIRROR HAS 
A DIFFERENT 
THICKNESS OF 
COVER SLIP 


ONC CURRENT COVER SLIP H 
FOUND, FURTHER TESTS ON THE OBJECTIVE CAN 
BE MADE WITH MAXIMUM EFFECTIVENESS. 


the eyepiece ruler. The two scales 
can then be compared. 

Microscopes based on the use of 
light cannot successfully magnify ob- 
jects more than!400 times. Beyond 
this, magnified images would be a 
muddled jumble because of the long 
wave lengths of light. 1400 is the maxi- 
mum magnification for a_ light 
microscope. 


A similar process is used to find the 
magnification of a telescope. Once 
more, a rule is inserted in the eyepiece, 
but instead of being focused on a test 
slide, the telescope is focused on a test 
chart mounted on a blackboard. From 
then on the working out is exactly the 
same. 

Resolving power of a microscope 

The magnification is important, but 
the resolving power of an instrument 
puts a limit on the useful magnifica- 
tion. The resolving power or resolution 
is the ability to distinguish between 
two points that are very close together. 
There is no advantage at all in having 
a high magnification if the resolving 
power is poor. 

Two minute organisms are very 
close together. When they are viewed 
through a microscope which has only 
a low magnification they merge into 
one another and just look like one 


over slips 

There is no point in having a micro- 
scope with a good resolving power, if 
by putting too thick or too thin a 
covering slip over the specimen the 


SPECIMEN ability to distinguish between two 


close points is lost. Each microscope 
works best with one particular thick- 
ness of covering slip. 

The correct thickness can be found 
using an Abbe test slide. The Abbe slide 
has on it six circular mirrors on which 
are ruled identical sets of very fine 
lines. Each mirror is covered by a 
different thickness of test slip. 

The objective is moved until the 
lines on the slide are only just visible 
and each set of lines is viewed in turn. 
On five of the six mirrors the lines 
look badly smeared; on one they are 
sharp and clear. This set of lines is 
covered by the correct thickness of 
cover slip for this microscope. 

The same test slide can also be used 
to see if there is any distortion of the 
image. Curves in the lines show this. 
Any chromatic aberration of the lenses 
will show up as ‘furry’ coloured bands 
bordering the black lines. 
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The resolving power of a microscope is often more significant than the magnification. A 
large blurred picture is of no more value than a small one. There is no point in increasing 


the magnification if resolving power is poor. 


BEYOND THIS POINT 


THE LINES MERGE 

INTO ONE ANOTHER 
The resolving power of an instrument is a measure of the distance two points have to be 
apart to be distinguished. The pairs of lines on the left are being viewed in instruments 
of high resolving power and on the right in instruments of low resolving power. 


A COBB 


that are 100 Angstroms (0-000001 
cm) apart, but will see them as one 
point if they are any closer together 
has a resolving power of 100 Ang- 
stroms. 

The resolving power depends upon 
the wavelength of the light used and 
also the aperture. Any good microscope 
will have an iris rather like a camera 
shutter, in front of the condenser. It 
can be opened so that a lot of light 
can enter or closed down to allow in 
only a little. The best resolution is 
obtained by having the aperture wide 
open because light can enter from the 
sides and top of the object being 
viewed and bring information about 
these points. But because there is so 
much light and so little shadow the 
image is often rather faint. As the 
aperture is shut down, the contrast 
improves, and looks better because 
there is more shadow on the specimen. 
But with increased contrast comes a 
decrease in resolving power. Some 
detail is lost because less light can 
enter from the sides of the object, and 
therefore less information is obtained. 

The actual resolving power for a 
particular aperture can be found 
using a test plate on which there are 
minute one-celled organisms called 
These diatoms are chosen 
because of their markings — some 
widely spaced and others closer to- 
On which diatoms are the 
markings visible and on which do they 
merge into one another? The distance 
apart of the markings which can just 
be distinguished gives the resolving 
power of the microscope for the par- 
ticular aperture being used. 


CHART i= 
USED FOR = : : : : 
TESTING object. A microscope with a higher 
RESOLVING ao . . . 
POWen: = bt ue magnification, but poor resolving 
= power will give a larger image, but it diatoms. 
= if will not give any better definition. 
The two objects still look like one. 
. . _ . 
nose we With increased resolving power the __ bether. 
ene ns Hie two organisms will appear distinctly 
us a ae = 411 as two separate images. A smaller 
se ae es distinct image can be of much more 
OA Paar: pr value than a larger blurred one. 
i aie ee uc A microscope which is just capable 
biti alee eH =i of distinguishing between two points 
a0 
is : : : “ ; 
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JOHN RAY 


a plants that he discovered on his journeys. 


John Ray examining a specimen of the 
Marsh Gentian, one of the rarer British 


the NATURALIST 


T the beginning of the 17th century, 
the study of natural history was 
rather haphazard. For putting the 
available knowledge into some sort of 
order we have to thank John Ray, the 
son of an Essex blacksmith. The 
accuracy of his observations and the 
clarity of his descriptions made his 
work of great value to succeeding 
generations of naturalists. Linnaeus, 
the great Swedish classifier, must have 
obtained much useful material from 
Ray’s writings. 

John Ray was born in 1627 and 
went up to Cambridge in 1644. He 
was a good classical scholar and later 
held lectureships in Greek, Mathe- 
matics and the Humanities. He first 
began to take an interest in natural 
history in 1650 when an illness forced 
him to rest and to take plenty of fresh 
air. The plants around Cambridge 
caught his interest and he pursued this 
study for some years. In 1660, he 
published the ‘Cambridge Catalogue’ 
in which he listed and described the 
plants in the area. This was the first 
catalogue of its kind and paved the 
way for the ‘Synopsis of British Plants’ 
which Ray published after extensive 
journeys all over the country. Many 


of these journeys were undertaken 
with two great friends — Francis 
Willughby and Philip Skippon. 

In 1662, Ray resigned from the 
University and he was then supported 
financially by Willughby. These two 
men resolved to compile a complete 
survey of plant and animal life, and, 
together with Skippon, they embarked 
upon a three-year tour of Europe. 
Although Ray was primarily inter- 
ested in plants, he became deeply 
absorbed in animal life and kept 
careful records of the whole tour. 
These notes were to form the basis of 
all his future work. In 1667 Ray was 
elected a Fellow of the Royal Society 
and in later years he read many 
papers to the Society. 

Willughby died in 1673 and Ray 
took it upon himself to continue the 
writings alone. He published ‘Ornitho- 
logy’ and ‘History of Fishes’ under 
Willughby’s name and also produced 
volumes on reptiles and insects al- 
though the ‘History of Insects’ was 
not published until after his death in 
1705. 

Ray did not neglect his botanical 
work, however, and in 1682 published 
‘Methodus Plantarum’ (The Ways 


MONOCOTYLEDONO 
SEEDLING WITH 
ONE SEED 


DICOTYLEDONOUS 
G LEAF 


SEED COAT 
ABOUT TO 
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of Plants) in which he outlined the 
structure and classification of plants. 
In the course of this work he dis- 
covered the basic difference between 
monocotyledons and _ dicotyledons. 
The first volume of ‘History of Plants’ — 
perhaps Ray’s most famous work — 
appeared in 1686, followed shortly by 
the ‘Synopsis of British Plants’. These 
well-known works were accompanied 
by papers on fossils, theological dis- 
‘cussions, English proverbs and many 
other subjects. The majority were 
written in Latin which enabled Ray’s 
work to spread quickly abroad. Ray’s 
accurate writing and _ description 
earned him a well deserved place 
among the great naturalists. The Ray 
Society was founded in his honour by 


a group of admiring naturalists in 


1844. Its aim is to promote the study of 


APANTELES — THE 
>> PARASITE 


e trie POF the yellow cocoons so 
common around caterpillars was first ex- 
plained by Ray. They are pupae of a 
parasitic insect that lays tts eggs in the 
caterpilla 


DEAD LARVA 
AND COCOONS 
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| BIOLOGY 


OOD, the material we use for 
building, toolmaking and burn- 
ing on fires, is really very specialized 
plant tissue. Its chief function is 
transporting water in more highly 
evolved plants — ferns, club ‘mosses’, 
conifers .and the flowering plants. 
Because of its hardness and strength, 
it also gives these plants varying 
degrees of rigid support and enables 
some of them to grow to enormous 
heights. 

The simpler plants — algae, fungi, 
mosses and liverworts are without 
wood. They are in fact either without 
any specialized tissue for water trans- 
port, or the circulatory system is very 
primitive. Water that is absorbed at 
plant surfaces is usually circulated 
slowly from cell to cell. 

Woody tissue, which is also called 
xylem, is built of millions of small cells. 
It is the toughness of the walls of these 
cells which gives wood its strength 
and hardness. The soft, elastic, cellu- 
losé is reinforced by a hard substance 
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called lignin. All mature woody cells 
are however dead. After the lignin 
has been deposited, the living contents 
of the cell disappear leaving just a 
tough, hollow structure behind. 

The water-conducting, woody 
tissues (xylem) are not just scattered 
about the plant. They are concen- 
trated into small columns or vascular 
bundles that pass up and down the 
plant stem. At the bottom of the plant 
stem the bundles pass into the roots. 
Where leaves are produced, the 
bundles pass outwards into the midrib 
of each leaf. 

Also in the vascular bundle but on 
the outside of the xylem is more con- 
ducting tissue called phloem. Phloem 
transports organic foods throughout 
the plant but the phloem cells are 
living and do not have lignin in their 
walls. Between the xylem and phloem 
of the vascular bundle is a narrow 
strip of simple, unspecialized cells. 
This is the cambium. Cambium is very 
important for the later growth of the 


BUTTERCUP 


plant. 

The arrangements of the vascular 
bundles vary in the stems. Broad- 
leaved flowering plants (dicotyledons) 
have their bundles arranged in a ring. 
The  narrow-leaved — monocotyledons 
(grasses, lilies, daffodils) have them 
scattered haphazardly. 


ANNUAL 


HEART WOOD RING 


Young shoots of trees have their vascular 
bundles arranged in a ring. Before secondary 
wood is formed the cambium (strip of 
dividing cells) spreads to form a circle. 
Secondary wood and phloem obscures the ort- 
ginal position of the vascular bundles. 


SECTION THROUGH THE YOUNG 
SHOOT OF A WOODY PLANT 


SEGMENT OF 
- AN OAK TREE-TRUNK 


Cross section through a tree trunk. The central heartwood, coloured by gums and tannins no 
longer conducts water. This function is carried out by the whiter sapwood. Phloem cells 
which conduct food are found on the inner layer of bark and consequently stripping it off 
may kill the tree. Simple woods have their wood rays a single cell thick. In more complicated 
wood such as oak, the rays are dozens of cells in width. 


1756 


CUT AWAY 
SECTION 
THROUGH 
BUTTERCUP 


XYLEM (WOODY TISSUE) 


CAMBIUM 
PHLOEM 


Fleshy plants contain a small amount 
of woody tissue inside their vascular 
bundles. The ring-like arrangement of 
the bundles gives strength as well as 
flexibility to the plant. 


SECTION 
THROUGH 
BUTTERCUP 


XYLEM 
(WOODY 


In the root, the woody tissues become 
concentrated in the centre. This gives 
roots a cable-like strength — ideal for 
anchorage. 


Formation of Secondary Wood 

In ‘fleshy’ plants like the buttercup, 
which do not grow very high off the 
ground, the small amount of woody 
tissue in the stem is quite sufficient 
for transporting water and providing 
the extra support needed. 

Larger plants such as trees grow 
year after year. As their size increases 


EXTENSION OF THE 
CAMBIUM INTO A COMPLETE CIRCLE 


they need more and more wood for 
support. This wood is formed by a 
process called secondary growth. Second- 
ary growth destroys the initial ring- 
like arrangements of the vascular 
bundles. Only in very young shoots, 
unthickened by further wood forma- 
tion, can the true position of the 
original bundles be observed. 

Secondary growth commences with 
division of the cambium cells in each 
vascular bundle. But soon the cambial 
activity spreads to cells lying between 
each vascular bundle. A complete 
ring of cambium is thus formed. 

The cambium cells divide so that 
there is an inner and an outer daughter 
cell. The inner cell becomes lignified — 
that is, its cellulose cell walls become 
reinforced with lignin. The outer 
cell once more divides. In this fashion 
more and more wood is formed on the 
inside of the stem. And as the stem 
grows in diameter the cambium cells 
move further and further from the 
centre. Some secondary phloem is also 
produced by cambial cells. This time 
the outer daughter cell becomes 
specialized into conducting tissue 
while the inner daughter cell divides 
again. Secondary phloem is present 
in trees as the innermost layer of bark. 

Not all the new cells produced by 
the cambium are in fact turned into 
conducting cells. A few remain small 
and simple and keep their living 
contents. These wood parenchyma cells 
are produced by certain sections of the 
cambial ring and form radial strips 
better known as wood rays. 

At times of extreme cold, the divi- 
sion of the cambium cells slows down. 
In temperate climates this less favour- 
able time for growth corresponds to 
the winter season. The interruption 
of the cambial activity is then pre- 


FORMATION OF SECONDARY 
WOOD AND SECONDARY PHLOEM 


PHLOEM 


ONDARY PHLOEM 


served in a cross section of the tree 
trunk as a dark circle — the so-called 
‘annual ring’. The line is caused by the 
contact between two different sized 
wood cells. At the end of summer, 
division is slowing down and the cells 
formed are very narrow; but the new 
growth in the following spring is very 
rapid and the cells are much wider. 

A more accurate name for the 
‘annual ring’ is a growth ring for it is 
possible for more than one ring to 
form in a year. This may happen when 
a very cold spell occurs during the 
summer. In tropical countries where 
conditions are favourable for growth 


CENTRALLY CUT 


TREE TRUNK OBLIQUELY CUT 


TREE TRUNK 

If tree trunks are cut ertically downwards, 
the growth rings Qwill appear as 
straight lines. But Jusually the cuts are 
irregular. In this cas the rings will appear 
as wavy lines — the Familiar grain of the 
wood. 


PARENCHYMA 
NEW 

SPRING 
WOOD 
(LARGE 
CELLS) 


CELLS) 


all the year round there are no growth 
rings at all. 

As tree stems become older and 
increase in size, the water-conducting 
activities may become taken over com- 
pletely by younger wood nearer the 
outside of the trunk. The inner woody 
cells lose their conducting properties 
and may become filled with tannins 
and gums. Such substances may give 
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F Wood is a useful fuel for domestic 
heating. By distilling it, substances 
such as methyl alcohol, acetone, pitch, 
wood creosote, oil and gas are ob- 
tained. Resins, tannins and dyestuffs 

\ are extracted from the heartwood. 

> The ash left after burning wood is rich 

Min potassium - a valuable fertilizer. 


Wood pulp is formed by mashing up 
wood so that the fibres separate and 
form a felt. Particularly valuable trees 
for manufacturing paper are spruce, 
poplar and certain types of pine. The 
cellulose from wood pulp can be ex- 
tracted, purified and turned into 


this inner heartwood a distinctive colour 
which distinguishes it from the whiter 
softer sapwood outside. The gums and 
tannins probably preserve the heart- 
wood from fungal attack. 


The Age of Trees 


Year after year, secondary wood 
goes on forming. As the tree grows in 
height so does it increase in girth. In 
temperate regions, a growth ring 
indicates the passage of each year. 
When a tree has been cut down a close 
estimate of its age can usually be made 
by counting the rings. 

Sometimes this is quite a task, for 
trees such as the oak and yew may 
live to great ages — 600 years and more. 
In the forests of California the. giant 
Redwoods and Wellingtonias are even 
older. Some are between 3000 and 
4000 years old, without doubt the 
oldest living organisms known. Such 
trees were already of great age when 
the Romans invaded Britain in 55 B.c. 

One of the reasons why they have 
survived so long is that their timber, 
rich in gums and tannins, is very 
resistant to decay. Another is that 
their fibrous bark is two feet thick 
and protects the tree against forest 
fires. Over such vast periods of time 
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»,cellophane and rayon. 


the trees have grown to collossal sizes. 
Some are 350 in height, 30 feet in 
diameter and have a root system 
which spreads over several acres. 


Wood may be built of four types of cell. Tracheids are long 
narrow cells which taper at each end. They are so arranged in 
the vascular bundles that their tapered ends interlock. The walls 
are thickened with lignin, except in a number of circular areas 
called pits. The pits in one tracheid are so arranged that they 
correspond to the pits of an adjacent tracheid. Water is thus able 
to flow between tracheids and can gradually rise from the roots 
to the topmost branch. More efficient water conductors are the 
vessels. These are long pipe-like structures formed by rows of 
cells with no end walls, placed end to end. The water does not 
pass through pits, as in tracheids, and can flow much more freely. 

The third type of cell-making wood is the fibre. This, like the 
tracheid, is long and thin with tapering ends. Its chief function 
however is support, and the walls may become so thickly lignified 
that the space inside the cell becomes almost obliterated. Flax 
and hemp are important commercially because of the strong 
development of fibres. 

The fourth type of cell found in wood still retains its living 
contents. This is the thin-walled unspecialized parenchyma cell. 
It gives little mechanical support and is not of a design to provide 
efficient water circulation. It is of value however in storing food 
supplies. Wood parenchyma cells may either be scattered 
randomly amongst the dead woody cells or they may be con- 
centrated in a series of sheets (wood rays) 

Not all four types of cell are necessarily present in each tree. 
Coniferous trees for example do not have vessels and conduct 
their water through tracheids alone. On the other hand, many 
flowering plants have few tracheal cells, or none at all; their water 
is circulated chiefly by vessels. 


SUMMARY 


HE majority of organic compounds 
are made up from two different 
sorts of unit — a hydrocarbon chain or 
ring together with one or more active 
groups. The chemical behaviour of a 
substance depends mainly upon the 
active group, and whether the group 
is attached to a chain or ring of carbon 
atoms. 

However, the behaviour of the 
group is modified by the length of the 
hydrocarbon chain. If there are two 
or more active groups in the molecule, 
the properties of the substance also 
depend upon the relative positions of 
these groups. In particular, the hydro- 
carbon part of the molecule deter- 
mines the physical properties (melting 
point, solubility, etc.) of the com- 
pound. 

For instance, acetic acid and n- 
butyric acid are both carboxylic acids 
(they contain the —COOH group) 
and react with ethyl alcohol to form 
esters. However n-butyric acid con- 
tains a longer hydrocarbon chain than 
acetic acid—the boiling point of 
butyric acid (with its three unit chain) 
is 163°C, while acetic acid (with its 
single unit) boils at 118°C. In general, 
the boiling point rises as the length of 
chain increases. 

The hydrocarbon part of the mole- 
cule may have as its skeleton a chain 
or a ring of carbon atoms — the chemi- 
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The Hydroxy! Group 

The hydroxy! (—OH) group is the active group present in alcohols and phenols. In 
alcohols, the hydroxyl group is attached to a carbon atom in a hydrocarbon chain while 
in phenols the hydroxy! group is attached directly to the hydrocarbon ring. 

Both aliphatic and aromatic primary alcohols are easily oxidized to give the 
corresponding aldehydes. They react with acids to produce esters (organic salts). 

In contrast, oxidation tends to break up the phenol molecule. Phenols are weakly 
acidic and so do not form esters. Ethers are formed when alcohols or phenols react 
with alkyl halides (e.g. methyl bromide, CH,Br). 
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The Carbonyl Group 

The carbonyl (=C=O) group is the active group present in aldehydes and ketones 
Both groups of compounds will undergo reduction reaction to give alcohols. Prima 
alcohols are obtained from aldehydes while secondary alcohols (containing two hydro 
carbon chains) are produced from ketones, Both aldehydes and ketones take part i 
addition reactions with sodium bisulphite and condensation reactions with hydroxyl 
amine. 

Aldehydes (but not ketones) are reducing agents. A silver mirror is produced whe 
an aldehyde reacts with ammoniacal silver nitrate, and with Fehling’s solution a brick-red 
precipitate of cuprous oxide is produced. As aldehydes are reducing agents, they are 
themselves oxidized to yield the corresponding carboxylic acid. 
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cal reactions which the substance will 
undergo are also influenced by the type 
of hydrocarbon unit. For instance, 
ethyl alcohol is a chain (or aliphatic) 
compound containing an hydroxyl 
(—OH) group. The corresponding 
ring (or aromatic) compound contain- 
ing one hydroxyl group is phenol. 
Ethyl alcohol is neutral but phenol is 
weakly acidic. 
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The Carboxyl Group 

The carboxyl (—COOH) group is 
the active group present in the car- 
boxylic or fatty acids and aromatic 
acids. It is one of the few organic groups 
which will dissociate (break up) to give 
ions. In common with inorganic acids, 
the carboxylic acids react with bases 
like sodium and ammonium hydroxides 
to give salts and water. 

The hydrogen ion in the carboxyl 
group may also be replaced by a 
hydrocarbon chain from an aliphatic 
alcohol. The product of this reaction 
between an organic acid and an alcohol 
is called an ester. 
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The Cyanide Group 

The cyanide (—CN) group is present 
in cyanides (also called nitriles). The 
alkyl or aliphatic cyanides are import- 
ant in ascending the homologous series, 
since they enable the extra carbon 
atom to be introduced into the mole- 
cule. The alkyl cyanides are reduced 
by nascent (freshly made) hydrogen to 
give primary amines. 
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The Amino Group 

The amino (—NH.) group is present in amines. Amines are organic derivative of 
ammonia in which one, two or all three of the hydrogen atoms in the ammonia molecule 
have been replaced by hydrocarbon units. 

Like ammonia, amines give an alkaline reaction in water. They are, in fact, stronger 
bases than ammonia, tertiary amines being stronger than secondary amines which 
are in turn stronger than the primary ones. Amines react with acids to form salts which 
are, in some way, similar to ammonium salts. 

All amines react with nitrous acid (dilute hydrochloric acid and sodium nitrite) but 
the product varies according to the number and type of hydrocarbon unit attached to 
the nitrogen atom in the amine group. If the amino group is attached directly to an 
hydrocarbon ring and the reaction is carried out at 5°C or below, a diazonium salt is 
formed. Diazonium salts are very important as they are the starting points in the 
manufacture of the azo-dyes. 
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The Halides 


Organic halogen compounds — particularly the aliphatic hydrocarbon chains with 
fluoride, chloride, bromide or iodide groups attached — are very useful intermediates 
in preparing many other compounds, since the halide group is easily replaced by other 
active groups — hydroxyl, cyanide, amide and nitro groups. The halides can also be 
used in building up larger hydrocarbon molecules and ethers. 
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S a result of intensive advertising 
during the past ten years, large 
numbers of housewives have become 
familiar with silicones as the additives 
in various types of polish. The presence 
of comparatively small quantities of a 
silicone fluid enables a better and 
longer-lasting gloss to be obtained on 
all manner of surfaces. 

There are, however, a vast number 
of other uses for this interesting group 
of man-made organo-silicon com- 
pounds — as insulation for electrical 
equipment, as sealing rings where 
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ces with similar structures (above and 
below).’ They give rise to related series of 
compounds. 
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surfaces of the tins had been treated with a silicone ‘release agent’. 


ordinary rubbers would deteriorate 
too quickly, special lubricants for 
machinery working at extremes of 
temperature (—70°C to 250°C), as 
water repellents on textiles — the list is 
endless. Ten years ago, 425 distinct 
types of application for silicone pro- 
ducts were listed, and since then many 
additional uses have been found for 
existing silicones, while new ones have 
been developed as well. 

It would be impossible to calculate 
the debt that is owed to Frederic 
Stanley Kipping, (1863-1949) profes- 
sor of chemistry at University College, 
Nottingham, for it was he who led the 
team which prepared and tested the 
first silicones. However, the research 
which this team carried out was purely 
academic, and it was the Americans 
who realised the commercial potential 


of the silicones. 

Kipping knew that in many ways 
carbon and silicon are similar ele- 
ments (silicon is immediately below 
carbon in the fourth group of the 
periodic table), and he argued that it 
should be possible to make complex 
silicon compounds similar to the or- 
ganic compounds of carbon. 

Silicon dioxide (silica) has a similar 
structure to diamond. Both silicon and 
carbon have a valency of four. In 
diamond each carbon atom is linked 
directly to four adjacent carbon atoms, 
while in silica each silicon atom is 
linked through four oxygen atoms to 
four more silicon atoms. Whereas the 
backbones of organic compounds are 
chains of carbon atoms, it is the 
characteristic —Si-O-Si— structure 
which forms the skeleton of the sili- 
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In this reactor silicones are formed by the 
action of water on chlorosilanes. 


cones. The silicones should not be con- 
fused with the very unstable szlanes. In 
these chain compounds adjacent sili- 
con atoms are directly linked — there 
are no oxygen atoms between them. 


Properties of Silicones 


The term silicone embraces all the 
polymers built around the —Si-O-Si— 
chain. One, two or three hydrocarbon 
groups may be attached to the silicon 
atoms, the silicone molecule may be 
straight chain, branched chain or 
cyclic. The straight chain polymers 
are used in silicone fluids and silicone 
rubbers, while the branched struc- 
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Manufacture of Silicones 


All silicones are made from substituted 
chlorosilanes, i.e. silicon tetrachloride, 
SiSI, in which methyl (CH,) or phenyl 
(C.H;) groups have been substituted for 
one or more chlorine atoms. Once these 
compounds have been prepared they are 
hydrolysed and subsequently the small 
molecules join together to form much 
larger molecules (polymers). Different 
types of polymer are obtained according 
to the number of chlorine atoms which 
have been replaced by hydrocarbon 
chains. 

Two processes (Direct and Grignard) are 
suitable for making the substituted 


-chlorosilanes on a commercial scale. Both 


processes give a mixture of chlorosilanes 
which have to be separated (by fractional 
distillation) before going on to the hydro- 
lysis and polymerization stages. 


Direct Process 


In this method, finely powdered silicon 
reacts with methyl chloride or mono- 
chlorobenzene (if phenyl-chlorosilanes 
are to be made). The reaction is carried 
out at 300°C in the presence of finely 
psn copper which acts as a catalyst. 

© ensure good contact between the 
methyl chloride vapour and the solid 
reactants, the conversion is carried out in 


Foaming is a serious handicap in many manufacturing processes. These two pictures show a 
dying vat before and after the addition of a few drops of a silicone antifoam agent. 
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a vessel which rotates slowly about a 
horizontal axis. In this way the finely 
powdered solids are continually fallin 
through the space filled with methy 
chloride vapour. 

The products of the reaction, together 
with some unused methyl chloride, pass 
to a series of condensers and distillation 
columns where the unused methyl chlor- 
ide is separated (for re-use) . 


Grignard Process 


The raw materials for this process are 
silicon tetrachloride, turnings of mag- 
nesium metal, the appropriate alkyl or 
aryl halide, and ether, which is the solvent. 
As the presence of traces of water upsets 
the reactions, it is essential that all the 
products are absolutely dry before they 
are added to the reactor. 

Clean magnesium turnings are added 
to the dry ether in the reactionvessel . 
If phenyl-trichlorosilane is to be prepared, 
ih be, OE Sart is then added until 
all the magnesium has been used up in 
forming phenyl magnesium chloride. 

This suspension (or slurry) is then 
transferred to another similar vessel 
containing a solution of silicon tetra- 
chloride in dry ether. Here the phenyl 
magnesium chloride reacts with the silicon 
tetrachloride to give phenyl-trichloro- 


tures are used in resins. 
Although the differences in struc- 


- ture of the silicones cause variations in 


their physical and chemical behaviour, 
the following outline applies to most 
of them. In general, silicones are 
unaffected by temperatures up to 
200°C. Those polymers containing 
phenyl groups are the most stable. 
The next best are those with methyl 
groups attached to the silicon atoms. 

Furthermore changes in tempera- 
ture do not affect the other properties 
of silicones to the same extent as the 
corresponding organic compound. For 
instance the viscosities of silicone 
fluids do not change as much with 
temperature as those of petroleum 


silane and magnesium chloride. The 
magnesium chloride is filtered out of the 
slurry, and the filtrate is distilled to 
separate the phenyl-trichlorositane from 
the ether. 


Hydrolysis and Polymerization 


After the products from the Direct or 
the Grignard process have been separated 
by fractional distillation, they can be con- 
verted into the silicone polymers. The 
type of polymer depends upon the com- 
position of the original mixture of 
chlorosilanes, upon the condition of 
hydrolysis and degree of equilibration. 

To make a particular silicone product, 
various chlorosilanes are carefully 
measured out in the correct proportions. 
After thorough mixing they are added to 
water in another vessel. Here the silicone 
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oil is made and hydrochloric acid evolved. 
The temperature of the vessel, the 
amount of water it contains and the 
method of removing the acid will affect 
the final product. The acid may be 
removed by washing, or may first be 
neutralized and the salt removed. 

Finally the hydrolyzed oil is equilibrated 
(by heating with a suitable catalyst) until 
the correct degree of polymerization is 
achieved. The catalyst (acid, alkali, alu- 
minium chloride or ferric chloride) must 
then be removed. In some instances un- 
wanted volatile compounds are removed. 


For some applications (e.g. resins) the 
silicones are only partly polymerized at 
the manufacturing stage. It is the user 
who completes the polymerization by 
heating or by the action of catalysts. 
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oils. Silicone rubbers remain soft over 
a much greater range of temperature 
than do organic rubbers. 

Of even greater importance are the 
good insulating properties of silicones. 
Their great virtue in this respect lies 
in the wide range of conditions over 
which they will continue to function 
satisfactorily. The excellent proper- 
ties coupled with water-repellency 
make silicone products particularly 
suitable for electrical insulators in 
exposed places. 

The water-repelling properties of 
silicones are no better than those of 
many organic materials. It is their 
durability when applied to a whole 
variety of surfaces which commends 
them. Garments which have been 


Water rolls off silicone treated fabrics. The 
inset shows water droplets resting on 
treated wide mesh nylon net. 


treated with silicones have a great ad- 
vantage over those which have been 
waterproofed. Silicones do not block 
the pores of the fabric so that air and 
water vapour can still pass through 
the cloth. 

Silicone products have been par- 
ticularly valuable in various branches 
of medicine. Their use here depends on 
their being able to be sterilized with- 
out loss of resilience and strength. 
Tubes made of silicone rubber are 
used in heart-lung machines. As sili- 
cones repel water, aerosols containing 
silicones provide protection against 
bed-sores. 
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| ADVANCED MATHEMATICS 
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"THE peak of a mountain is the point 

of maximum height. The climber 
struggles up a steep gradient to reach 
the peak, and has to go down a steep 
gradient to get down again. He can 
get his breath back at the top because 
the mountain does not slope there. Its 
gradient is zero. 

The gradient of any sloping line is 
the rate of change of height with hori- 
zontal distance. When the line is 
drawn on a piece of graph paper, the 
gradient can easily be found with the 
aid of a ruler. The ruler is moved so 
that it just touches the curve at the 
point where its gradient is to be 
measured. Then a right angled tri- 
angle is drawn, with its sloping side a 
line drawn along the ruler. The 
gradient is the length of the vertical 
side divided by the length of the 
horizontal side. 

At a maximum on a graph, no 
matter how long the horizontal line is 
drawn, the length of the vertical side is 
nil. So the gradient must be nil also. 

There may be more than one ‘maxi- 
mum’ on the graph, and one peak may 
be lower than the other. Every peak is 
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called a ‘maximum’. A maximum is a 
point on a curve where the gradient 
changes from ‘up’ (a positive gradient) 
on one side of the maximum to a 
‘down’ gradient on the other side. 

Between two maxima, the curve in- 
variably dips to the bottom of a 
valley, a minimum, and then rises again. 
The minimum, too, is a point where the 
gradient is nil. 

Maxima and minima occur when 
the gradient is zero. The gradient is 
also the quantity found by differentia- 
tion. The graph shows how y varies 
when x varies. If y is differentiated 
with respect to x, the result, the 


derivative written as 1 is the gradient. 
x 


d 
The gradient of a curved line graph 
varies from point to point along the 
graph — in other words it depends on 
‘x’. The derivative is equal to 0 for a 
maximum or a minimum (i.e. when 
the gradient is zero). The result of 


putting = ois an algebraic equation 
x 
for ‘x’, giving as its solution the values 


of x at which the maxima and the 
minima occur. 


TRIANGLES USED 
TO MEASURE GRADIENT 


Above: a maximum is a point where the gradient changes from positive to negative. 
Below: minima occur between two maxima. The gradient changes from negative to 


positive at the minimum. 
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The peaks of the track are maxima and the 
bottoms of the dips are minima. Maxima | 
and minima are turning points in the slope or 
direction of the track. 
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Finding the Maximum and 


Minimum 


y=ox" 
The rule for differentiation is: 
Multiply the number in front 
of x (1)by the power of x Then 
subtract one from the power of 
x (leaving | as the new power of 
x): 
so Y¥ = 2x 

dx 


The gradient is 0 for both maxima 
and minima. 

2x =0 

x=0 
This is obviously a minimum. 


y =x’—4x4+4 

The rule for differentiation is: 
Treat each part separately, mul- 
tiplying the power of x by the 
number in front of x. Then sub- 
tract one from the power of x. 
In this process, the pure number 
4 disappears. 


so Y¥=2x —4 
dx 
The gradient is 0 for both maxima 
and minima. 
2x —4=0 
x=2 
This is alsoa minimum. 
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| BIOLOGY | 


Whati isa SPECIES? 


IFE is present in numerous different 

forms. This becomes obvious from 

a glance around the countryside. An 

elm tree is very different from a holly 

tree; a rabbit is different from a jack- 
daw. 

In the seventeenth century Carolus 
Linnaeus, the Swedish naturalist, 
attempted a complete classification of 
all the known living organisms of his 
day. By careful inspection and study 
he recognized a large number of 
different species. Each species consisted 
of individuals which were very alike in 


appearance. These interbred and the 
offspring produced were very similar 
to the parents. Thus all rabbits belong 
to one species and all polar bears to 
another. 

Today we know that all the struc- 
tures of organisms are genetically con- 
trolled — that is they depend upon the 
influence of small structures called 
genes which are present in the chro- 
mosomes of living cells. Members of 
one of Linnaeus’s species are all alike 
in appearance because the structure 
and arrangement of genes on the 


Separation between the horse and donkey is not quite complete. Members of the two groups 
are stil able to interbreed but the offspring, a mule or a hinny, are sterile. Horses and 
donkeys can also cross with zebras ; again the hybrids are sterile. 


Th¥Rb0 species of European tree-creeper are 
indistinguishable except for their song. At 
some stage two populations must have been 
separated long enough for sufficient differ- 


ence to occur. 
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chromosomes is similar. Each species 
keeps its own identity because the 
genes on its chromosomes will not 
successfully combine with the genes on 
the chromosomes of another species. 

Thus instead of defining a species in 
terms of its appearance, it can now be 
defined in terms of genetics. A species 
is a group whose members will, in the 
wild, interbreed among themselves but 
will not successfully breed with mem- 
bers of another group. 
Evolution and the Species 

Linnaeus was a Creationist. He con- 
sidered that all his different groups 
of individuals (species) were not only 
separate from one another now, but 
had always been separate from one 
another. All species had been created 
at the same time and none of them had 
changed since. 

The theory of Evolution put for- 
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Darwin discovered a dozen or so species of 
finch inhabiting the Galapagos Isles of the 
Pacific Ocean. The ancestral species of 
finch is believed to have come from South 
America 600 miles to the east. In different 
parts of the Archipelago new distinct species 
evolved from this original type, each adapted 
to a particular form of feeding. 


ward in 1859 by Wallace and Darwin 
explained things differently. Accord- 
ing to the evolutionary theory more 
complicated organisms evolve gradu- 
ally from simpler kinds. At some stage 
therefore one species must evolve into 
another. How does this take place? 
Certainly not directly. When two 
members of the same species inter- 
breed they produce offspring very 


Linnaeus was an Europiform.In different 
parts of the world other races have become 
distinguished. Given long enough races no 
longer cd atte They are then true spectes. 
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similar to themselves — not an indi- 
vidual belonging to an entirely new 
species. When dogs breed they always 
produce puppies and not kittens. Nor 
do members of different species cross- 
breed to produce a third species; 
except for very rare instances, species 
are incapable of successful interbreed- 
ing. A cat cannot breed with a dog to 
produce something mid-way between 
the two. 

Instead, the process takes place over 
a very long time. Members of the 
same species may become separated by 
geographical barriers — rivers, mount- 
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ains, seas. T'wo distinct populations or 
more are set up, each population, by 
natural selection, becoming adapted 
to the slightly different conditions in 
its own area. In this way races are 
formed. One race is slightly different 
from another, though members of 
different races can still interbreed and 
produce offspring. Man — the species 
Homo sapiens — illustrates race forma- 
tion very well. All over the world are 
populations of men which have their 
own distinctive features — Negroes, 
Bushmen, Mongols, and so on. 

The longer a race remains separated 
from other races of the same species, 
the more it is likely to diverge in 
appearance and in its genetical make- 
up. Finally a stage is reached when the 
race becomes so divergent with the 
other races that it can no longer inter- 
breed with them. It is then a new 
species. 

Between race and species there may 
be a very narrow borderline. A situa- 
tion may be reached when a degree of 
interbreeding is still possible between 
members of two populations. Total 


isolation, where the two populations 
are incapable of interbreeding, is not 
quite reached. The offspring however 
are usually themselves sterile or they 
have inherent weaknesses which pre- 
vent them from surviving. An example 
is the horse and the donkey. Though 
these two animals are obviously separ- 
ate forms, they can still interbreed. 
The offspring, a mule, cannot itself 
reproduce ~ it is sterile. 

Such borderline cases are not un- 
common and though they are trouble- 
some in exactly separating a species 
from a race, they nevertheless provide 


Linnaeus noticed that some species 
were very like others and could be 
distinguished only by some small 
structural differences. He therefore 
classified like species into larger groups 
called genera. Each individual in his 
classification then had two names. The 
generic name was written in latin with 
a capital first letter, followed by the 
specific name, also in latin, but with a 
small first letter. The meadow butter- 
cup is thus called Ranunculus acris. The 
specific name is acris while the generic 
name is Ranunculus — a name shared by 
similar flowers such as the creeping 
buttercup Ranunculus repens. 

Linnaeus’s system of naming living 
organisms is still the scientific method 
used today. The explanation why some 
species are so like one another is that 
they are closely related -—one has 
evolved from another or they have a 
common ancestor. 


valuable evidence that the process of 
evolution is working. They mark 
stages in the formation of a species, 
which have not quite been completed. 


Peculiar courtship displays often guarantee 
that mating will only take place between 
members of the same species. If species 
could interbreed freely, the adaptations of 
each species to a particular mode of life 
would quickly be destroyed. 


THE FIDDLER CRAB 

—THE MALE ATTRACTS THE 
FEMALE BY WAVING ITS 
ENLARGED PINCER IN THE AIR 


As tt runs under the vibrating brush, the trolley collects a trace from which the acceleration can be calculated. The shape of the trace depends 
upon the weight on the scale pan. An alternative arrangement 1s to have the brush mounted on the trolley. The trace is then inked onto paper 


on the board. A longer trace is obtained but the result 1s the same. 


Fletcher’s Trolley Experiment 


F a force acts on a body, the accelera- 
tion it produces on that body is 
proportional to the size of the force 
and is inversely proportional to the 
mass of the body. Newton stated this in 
the second of his three laws of motion. 
The law can be proved quite simply 
by using a piece of apparatus called 
Fletcher’s Trolley. 

A wheeled trolley runs on a smooth 
board and carries a strip of paper on 
the top. The trolley is the mass that 
is accelerated. At the end of the board 
is a pulley and a scale-pan. Weights 
on the scale pan provide the force that 
accelerates the trolley. Attached to 
the board is a vibrating metal strip 


Finding the Acceleration 


seconds the speed increases by = 
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Take any two neighbouring waves of the trace. The time for each is t seconds (found 
from the rate of vibration of the brush) and their lengths in centimetres are d, and d,. 


Speed is distance divided by time. The speeds are then & cm/sec and a cm/sec. In t 


d,—d d,-—d 
-~—t = —*_" cm/sec. Therefore the gain in speed in 


F an ee ey eed 
one second (i.e. the acceleration) a x < The acceleration is therefore 


with an inked brush at the end. As the 
trolley runs under the brush it receives 
a wavy trace of the vibrations. This 
trace is used to measure the accelera- 
tion. 

When the weights pull the trolley 
along, they have first to overcome the 
friction acting in the wheels and be- 
tween the wheels and the board. The 
friction must be balanced before the 
experiment is started. This is done 
by tilting the board slightly until the 
trolley just runs down the board at a 
steady speed. The added weights will 
then be employed solely in accelerat- 
ing the trolley. 

The rate of vibration of the metal 


ANY TWO NEIGHBOURING 

WAVES WILL DO: d, AND 

d, OR S, AND S, OR 
AND 5. 


d,-d, 
t? 


strip can be found by timing a large 
number. The experiment can then be 
carried out. A suitable weight — say 
ten grams — is put on the pan and the 
brush set vibrating. The trolley is 
then released. It picks up a trace from 
the brush and, because the trolley gets 
faster and faster, the trace ‘opens out’. 
The time for each wave is the same but 
their lengths increase. The time and 
distance are known and so the speed 
can be worked out for each part of the 
trace. As the speed is known for each 
part, the acceleration can be worked 
out. If the experiment is carried out 
with several different weights on the 
scale pan, several values for the 
acceleration are obtained. The value 
for acceleration divided by the force 
(i.e. the weight on the pan) should be 
constant. In other words, the accelera- 
tion is proportional to the force producing tt. 

The second part of the law says that 
the acceleration is inversely propor- 
tional to the mass when the accelerat- 
ing force is constant. It can be proved 
by having a fixed weight on the pan 
and changing the mass of the trolley by 
removing one or more metal blocks. 
The results show that the larger the 
mass of the trolley the smaller the 
acceleration. Acceleration is propor- 


tional to 


I ; 
, Or mass times accelera- 
ass 


tion is constant. 


WEIGHT 
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| ELECTRONICS | 


A PICTORIAL SUMMARY of 
VALVES and TRANSISTORS 


een OTH valves and transistors control 

the flow of currents through elec- 
tronic circuits. They are used to 
amplify currents, detect electrical sig- 
nals, change steady currents into 
oscillating currents, or to act as 
switches, turning currents on and off. 
They have a growing number of other 
applications. 

An electric current is a flow of 
electrons. In a valve, the current is 
controlled as it jumps across a vacuum 
(or sometimes through gas) from one 
piece of conducting metal (the cath- 
ode), to another piece (the anode). 
The transistor, however, is all solid. 


VALVES 


The current passes through slices of 
semiconducting material — germanium or 
silicon made specially conductive by 
adding impurities to them. 


_ EROSS-SECTION OF A VALVE 


Ina vacuum. ore valve, § cloud: of 
electrons is boiled away from the 
heated cathode. It is controlled by — 
the electrode in ee rarnaue and’ 
anode, oe ee 


POSITIVE BATTERY 


TERMINAL 
7s 


RESISTOR 


CAPACITOR 


OUTPUT 
BETWEEN 
CATHODE AND 


HEATER 
SIGNAL 


BATTERY 
TERMINAL 


Circuit diagram for a typical triode 


amplifier. This valve is a voltage ampli- 
fier. 


TRANSISTORS 


The transistor is made from solid, 

-semiconducting material. The inset 

_ shows the actual transistor, normally 
_ hidden inside the case. 


The cathode, grid eS ‘Gncde of the 
- triode valvecorrespondtotheemitter, 


- base and collector of the transistor. 


- The flow of current is normally con- 
one smut the base. 


NEGATIVE 
BATTERY 


RESISTOR 
CAPACITOR 


aes 


ELECTRON 
FLOW CURRENT 
FROM NEGATIVE 
TO POSITIVE 


INPUT 
SIGNAL 


COLLECTOR 


EMITTER 


BATTERY 
TERMINAL 


Circuit diagram for a typical transistor 
amplifier. The transistor is a current 
amplifier. 
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Voltages 


100 VOLTS 


3 VOLTS 


The transistor works on voltage dif- 
ferences of a few volts, while valves 
work on voltage difference of a few 
hundred volts. 


Power Consumption 


The valve’s cathode must be heated 
before it emits electrons. It is more 
wasteful with energy than a transistor. 


FLOW OF CURRENT 
AVALANCHES 


conducting material becomes conduc- 
tive, and the transistor is burned out. 


EMICONDUCTOR 
ATOMS - PRODUCE 
Noise is generated in both, but it is 
usually worse in the transistor. 


THIS IS VERY 
THIN FOR A 
HIGH-FREQUENC 
TRANSISTOR 


ea e 
Valve amplification at high frequencies 
is limited by capacitance. Transistors 


are limited by the time taken for the 
current to cross the base region. 
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THIS TRANSISTOR 
WITH CURRENT — 
PULLS 


Power amplifiers 

To amplify large signals, and give a large 
power output, valves and transistors are 
sometimes connected in push/pull. ; 


Transistors as switches 


THIS TRANSISTOR IS 
PART OF A SWITCHING 
CIRCUIT FOR AN 

ELECTRONIC CLOCK 


TRANSISTOR 


CAPACITOR 


‘HOLES’ CLEAR — 
CURRENT FLOWS 
THROUGH 

TRANSISTOR 


‘HOLES’ PLUGGED 


NO 
CURRENT 
THROUGH 
TRANSISTO 


SWITCHING 
CURRENT 
ENTERS BASE 


Current can be switched on and off 
through the transistor by a small 
current injected into the base. 


EACH PULL TRANSISTOR 
DEALS WITH ONLY HALF OF 
SIGNAL 


E 


Circuit diaphragm for push/pull in a radio 
PA sa schaeche 


Se a 


Feedback — the Oscillator 


Feedback means that some of the 
power coming out of the valve or 
transistor is fed back to the input again. 
In oscillating circuits, this power 
arrives back at the input at just the 
right moment to sustain electrical 
oscillations. Similar oscillators are 
used to produce radio frequency 
waves which ‘carry’ radio or television 
signals. They are also used in super- 
heterodyne radio sets. 


Feedback — reducing 
distortion and tone control 


The power arriving back at the input 
reduces the amplification. The arrival 
is timed so that no oscillations are 
set up. This arrangement is called 
negative feedback. It tends to reduce 
distortion in the amplification. The 
signal is usually fed back through 
capacitors, the impedance of which 
depends on the signal frequency. The 
frequency response of an amplifier can 
be varied by altering the feedback 
components are varied. 


<LZ/IM\SS> 


BoLTs 

ATTACHING 

TRANSISTOR TO 

_ COOLING VANES 
Power amplifiers —a transmitting triode 

_ valve and a power transistor. 


SOME OF THE OUTPUT 
TRAVELS BACK THIS 
- WAY 


EED BACK 
IERE 
INP 


OUTPUT 


A valve oscillator. 


TRANSISTOR 


FEEDBACK 
PATH —- THROUGH 
CAPACITOR AND 
RESISTORS 


Transistor negative feedback. 


Diode Valves and Semiconductor diodes 


SEMICONDUCTOR 


CATHODE 
NEGATIVE - 
CURRENT 
FLOWS 


NEGATIVE — 
NO CURRENT 


Diodes allow only one-way current 
through them. Electrons come from 
the heated cathode. They can flow 


CURRENT 


BATTERY 


TERMINALS 
SWITCHED - 
NO CURRENT 


Charges accumulating at the junction be- 
tween two types of semiconductor act as 
a ‘battery’ which stops current in one 


from cathode to anode, or not at all. 


direction. 


OUTPUT 
DIODE RECTIFIES 


Power rectifiers CURRENT ‘PUSHES’ 


Power rectifiers are used to convert al- 
ternating current into the direct one-way 
supply of current required by most kinds 
of electronic equipment. Usually at leas 
two diodes are used, each one dealing 
with half the alternating current cycle. In 
this way, the whole cycle can be rectified. 
Smoothing circuits then iron out the 
‘bumps’ in the rectified current. 


DIODE RECTIFIES 
CURRE 4 i 


TWO-WAY 
A.C. INPUT 


BUMPY 
ONE-WAY 
D.C. OUTPUT 
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NEGATIVE 
TERMINAL 


DIODE DETECTOR 


| DETECTED 

i SIGNAL 
ON TO NEXT 
STAGE OF 


CIRCUIT 


Diode Detectors 


A single diode is used to detect the signal 
in this radio receiver. The signal forms 
the envelope of the higher frequency 
wave. Both a current ‘pull’ and ‘push’ 
occur at the same time, so the net effect 
of the signal is zero. The diode gets rid of 
the ‘pushes’, leaving only the ‘pulls’. The previous BEFORE 


inset shows the signal wave-form before pL a 
and after detection by the diode. Le 
“AFTER 
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| SOUND| 


GOOD (Hi-Fi) record player or 
tape-recorder gives an output of 
sound power ‘flat from 20 c/s to 
15,000 c/s’. ‘Flat’ has nothing to do 
with sharps or flats of musical notes. 
It simply means that a graph of the 
power output over the whole range of 


+10dB__ eee 


—10dB 


A graph of the power output of a 
piece of Hi-Fi equipment. 0 decibels is 
taken as the flat part of the slope. It is 
flat from 20 c/s to 12,000 c/s to within 
+ 1 dB. 


audible notes is a flat curve. It is almost 
a straight horizontal line from the low 
frequency end (20 c/s) to the high fre- 
quency end (15,000 c/s). This implies 
that the instrument amplifies all sounds 
in their correct proportion. High notes 
are not boosted at the expense of the 
lower. notes. 

The output of the amplifiers, on the 
vertical axis of the graph, is measured 
in an awkward unit called the decibel, 
or sometimes in a larger unit, the bel. 
10 decibels (dB) = 1 bel. 

These units are difficult to under- 
stand for two reasons. First, they are 
not units like the centimetre or the 
gram, which have a definite, fixed 
value. They are a measure of an output 
power compared with some other 
power level used as a reference. There 
is a great deal of confusion over the 
reference levels, and there are no 


MAGNETIC ~ 
RECORDING 


NOISE ARISES 
IN TAPE RECORDER 
BECAUSE ‘MAGNETS’ IN 
TAPE ARE OF FINITE SIZE 
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generally accepted standards. The 
second difficulty is that bel and decibel 
are logarithmic units. When the output 
power is ten times bigger than the 
reference power, it is expressed as one 
bel (or 10 decibels). 1 is the logarithm 
of 10. 

However, if the output power is a 
hundred times bigger, it becomes only 
2 bels, or 20 decibels. The logarithm of 
100 is 2. In the same way, a power 
amplification of 3 bels (30 decibels) 
means a thousandfold increase in 
power. The logarithm of 1000 is 3 (the 
number of noughts after the first 
figure). 

The human ear is capable of hearing 
notes over an extensive range of loud- 
ness. One common reference level for 
the decibel scale is taken as the softest 
sound power level that the ear can 
detect. The loudest sound that the 
ear can stand is then about 13 bels. 
This may not sound very much, but 
it in fact means that the power 
associated with sound is 10,000,000,- 
000,000 times the power at the soft 
end of the range. 

Decibels can be used to compare 
two currents, two voltages, two powers, 
two intensities of sound, or two sound 
pressures. In fact they are a measure 
of the gain in any physical system. 
The gain of an amplifier is sometimes 
quoted in decibels. Most sets of Hi-Fi 
equipment contain several amplifiers. 
The total gain is the result of multi- 
plying together the individual gains. 
When these are quoted as logarithms, 
it is an easy matter to find the total 
gain by adding the logarithms. Adding 
logarithms has the same effect as 
multiplying ordinary numbers. 

The flat part of the record player 
response curve is usually taken as 0 
decibels. Any bump or dip in the 
curve becomes a ‘decibel gain’ or a 
‘decibel loss’. 


For a good tape recorder, the signal is 
1,000,000 times more powerful than the 
noise. Signal: noise ratio is |,000,000:1 Log 
1,000,000 is 6 so signal: noise ratio is 6 bels, 
or 60 dB. 


LOWEST 
AUDIBLE 
SOUND 


The threshold of hearing is taken as 
the reference level for sound decibels. 
This is at 0 dB. 


A loud conversation. Sound is 
1,000,000 times more powerful than at 
the threshold of hearing. Log 1,000,000 
is 6, so this sound level is 60 dB. 


A pneumatic drill at 4 feet — 90 dB. 
The sound power is |,000,000,000 (10°) 
times more than the power at the 
threshold of hearing. 


| INORGANIC CHEMISTRY | 
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HOWEVER precious a metal may 
be, no one with an eye to business 
would go to the trouble and expense of 
digging thousands of tons of earth out 
of the ground and refining it just to 
recover one ounce of the metal. It 
simply would not be an economic 
proposition. 

The ore of the Sudbury district of 
Canada is like this. The ore contains 
minute traces of precious metals, but 
it would never be mined for its precious 
metal content alone. Instead, it is 
mined for its nickel, copper and iron, 
in which it is extremely rich. 

The first task after mining is to 
separate the particles containing 
metals from the useless earth or gangue. 
This is really done to concentrate the 
nickel, copper and iron, but it so 
happens that the precious metals are 
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also concentrated, and stay with the 
nickel and copper instead of being re- 
moved. The extraction of nickel and 
copper continues and as more and 
more of the unwanted non-metals are 
removed, the concentration of the 
precious metals as impurities rises. 
Silver and gold tend to stay with the 
copper and are separated from it only 
when the copper is finally purified by 
electrolysis. An anode made of the im- 
pure copper gradually dissolves and 
pure copper deposits itself on the 
cathode. As this happens, the silver, 
gold and other impurities that do not 
dissolve, drop to the bottom of the 
tank and form a slime there. This slime 
is so rich that it is well worth extracting 
the silver and gold from it. Because 
there are acres and acres of electro- 
lytic tanks, the quality of slime is quite 


considerable. 

The larger group of precious metals, 
platinum and its chemical relatives, 
tends to stay with the nickel until it is 
finally purified. If the nickel is purified 
by electrolysis, the platinum metals 
are left in the slime from the anode. In 
the Mond Carbonyl Process, the nickel is 
wafted away as a gas (nickel carbonyl) 
and the precious metals are left behind. 
The metals extracted from the nickel 
residues are platinum, palladium, 
rhodium, ruthenium and_ iridium. 
Small traces of silver and gold are 
also found with them. 

The two lots of slimes or residues are 
treated separately. The process of 
separating the elements from one 
another strongly resembles analysis 
where a solution containing lots of 
different metallic ions is adjusted so 


The precious metals stay with the copper and nickel until the copper and nickel are finally purified by electrolysis. The precious metals then 
form part of the slimes that collect at the bottom of the electrolytic tanks. 


The ore of the Sudbury district of Canada is 
mined for its nickel, copper and tron. It also 
contains traces of precious metals. 
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THE SLIME 
CONTAINS 
PLATINUM 
PALLADIUM, 


COLLECTING 
THE SLIMES 
FROM THE 
ELECTROLYTIC 
TANK 


that one type of ion forms in solid 
lumps that can be filtered out, leaving 
the rest behind in the solution. Then 
the next metal can be removed in the 
same way. The jumbled mixture of 
ions swimming around in a solution is 
sorted out into heaps of solid com- 
pounds with each heap containing 
only one type of metallic ion. 

In the precious metals refinery the 
elements are sorted out in much the 
same way, only on a much larger 
scale. Large vats replace the test tubes 
of the analytical laboratory and filter 
pads replace the filter funnels. 

The brightly coloured precipitates, 
each one containing a different metal, 
receive individual treatment to con- 
vert them into the metal itself. Each 
metal is then purified in the way best 
suited to it. 

Treating the slime from cop 
refining 

Concentrated 


sulphuric 


AMMONIUM 
GHLORID 


NEGATIVE ION 
IN SOLUTION 
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TREATING THE SLIME 
FROM NICKEL REFINING 


added to the black slime and the con- 
tainer is heated up in a furnace. 
Copper and nickel in the slimes go into 
solution as sulphates, but the other 
metals, largely silver and gold, do not. 
The heat from the furnace drives off 
orange fumes. The fumes contain the 
elements selenium and_ tellurium 
which are recovered elsewhere in the 
refinery. 

About half of the slime is left. It is 
filtered off and melted into ingots 
which contain a mixture of silver and 


- 


RESIDUAL 
NICKEL AND 
COPPER REMOVED 


MIXTURE 
OF 


NITRIC 
ACIDS 


THE RESIDUE 

IS TREATED TO 
RECOVER THESE 
THREE METALS 


PLATINUM 
SALT IS 
FILTERED 
OUT 


HYDROCHLORIC 
AND 


gold. Each ingot is connected up as a 
anode in an electrolytic cell with a 
carbon cathode. A current passes. 
After some time, silver crystals can be 
seen growing on the black carbon. The 
gold remains behind. 

The silver crystals are collected, 
melted and cast into bars which can be 
used for making jewellery or photo- 
graphic papers and films. 

The gold is gathered up but is not 
pure enough to be cast into ingots 
straight away. All this is dissolved and 
reagents are added so that only the 
gold is brought out of solution as a 
mustard coloured powder called gold 
sand. The impurities are left in the 
solution. The crude gold is melted, cast 
into anodes and refined electrolytic- 
ally. 

The platinum metals which remain 
in solution are treated with the slimes 
from the nickel refinery. 

Treating the slime from nickel 
refining 

Three of the metals in the slime are 
dissolved so that they can be separated 
from the rest and brought out of 


PLATINUM AND 
PALLADIUM GO 
INTO SOLUTION 


RHODIUM 
RUTHENIUM 

AND IRIDIUM 

DO NOT DISSOLVE 


RHODIUM, 
RUTHENIUM 
AND IRIDIUM 
STAY ON THE 
FILTER 


FILTER 


PLATINUM 
ND PALLADIUM 
S THROUGH 


PALLADIUM 
STAYS IN 
SOLUTION 


Obtaining platinum metal from the yellow 
platinum salt. Heating drives off the ame 
monia and chlorine, leaving the metal 


behind. 


solution one type at a time. This is 
done by heating the slimes with a 
mixture of concentrated hydrochloric 
and nitric acids in a 60-gallon steam 
jacketed vat. Gold, platinum and 
palladium dissolve; rhodium, ruthen- 
ium and iridium do not. The insoluble 
particles are filtered out and the solu- 
tion is treated, first of all to recover the 
gold, then the platinum and finally the 
palladium. 
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The gold comes out of a solution as a 
brown spongy metal when ferrous 
sulphate solution is added. After filter- 
ing out the spongy gold the platinum 
is brought down as brilliant orange- 
yellow particles of ammonium chloro- 
platinate when ammonium chloride 
solution is added. The platinum metal 
is extracted from this platinum salt by 
wrapping the salt up and burning it. 
The palladium is also brought out of 
solution as a salt. 

The rhodium, iridium and ruthen- 
ium slime is then treated to separate 
these three metals. 

All of the metals produced in this 
refinery have a great rarity value 
which makes it worthwhile extracting 
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them in this fashion. All of them have a. 
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high resistance to heat and corrosion. 
Whereas other metals rust, corrode 
and crumble away, these metals stay 
bright and shiny. They are therefore 
very useful for jobs where corrosion 
must be avoided at all costs. Jewellery 
is an obvious example but the most 
important uses are industrial. Rho- 
dium plated reflectors are used on 
searchlights. Rhodium is used for 
electrical contacts; so are platinum 
and palladium. Spinnerets for extrud- 
ing man-made fibres are made of 
platinum because it can stand up to 
both acidic and alkaline conditions 
and not wear out quickly. Platinum 
and rhodium are alloyed together for 
thermocouple wire. Platinum is used 
in the laboratory and to line glass 
melting crucibles. 

Platinum and palladium are also 
used a great deal as catalysts to speed 
up chemical reactions. They will 
attract gas molecules onto their sur- 
faces. As the molecules are brought 
closer together they have more chance 
of reacting with one another. It is often 
much more efficient to use platinum 
or palladium than to go to the trouble 
of compressing the gases under very 
high pressures. 
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| BIOLOGY 


N cold and temperate regions, many 
animals disappear at the beginning 

of winter. They may disappear because 
they cannot withstand the cold, or be- 
cause they are unable to obtain food 
during the cold season. Many birds 
migrate to warmer lands but among 
other animals, Aibernation is common. 
This is a state of inactivity or deep 
sleep during which the body processes 
slow down almost to a stop. The body 
temperature, even in mammals, falls 
to within a degree or two of that of 
their immediate surroundings. A simi- 


Sra Ae 
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The African Lungfish aestivates deep in the 
mud. It surrounds itself with mucus to 
keep moist and breathes through a small 
opening in the mucus. The narrow opening 
prevents much loss of water and the fish 
survives until the rains return. 
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lar sort of inactivity, called aestivation, 
is common in some desert-living and 
pond-living creatures, which burrow 
down into the ground and thereby 
avoid hot and dry conditions. 
Hibernation in 

Cold-blooded Animals 

During the short polar summers, the 
pools abound with life. Millions of 
tiny one-celled animals seem to appear 
from nowhere. In fact, they have pas- 
sed the long cold winter in tiny, hard- 
walled cysts. When the cold weather 
sets in, the animals form the protective 
coat and remain within it, almost life- 
less. The same is true for nematode 
worms and other small creatures. 
Their tiny cysts have been collected 
from frozen soil, dried ponds and 
other highly unfavourable places. 
They seem quite life-less, yet when 
given good conditions they spring to 
life. The almost lifeless state is called 
anabiosis (without life). 

Although many aquatic animals 
remain active below the covering of 
ice, their land-living relatives fre- 
quently hibernate. The common gar- 
den snails cover the openings of their 
shells with a slime containing calcium 
phosphate that hardens into a tough 
protective covering. So protected, they 
pass the winter amid rotting vegeta- 
tion or under logs and stones. 

Insects may pass the winter in any 
of the four life-stages. Probably, the 
majority over-winter as eggs which are 
very resistant to cold and to drying. 
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The eggs of many species will not 
hatch until they have been subjected 
to a period of cold. This enforced rest 
is called a diapause and is also found in 
the grubs and pupae. Even when kept 
in the warm, the insects will go into 
a state of inactivity for a while. Hiber- 
nating caterpillars may be found 
among the dead leaves in ditches and 
hedgerows and the chrysalids (pupae) 
of many moths can be dug up from the 
soil. The butterflies that come out 
with the first spring sunshine have all 
over-wintered as adults, secure in 
some outhouse or attic. 

Fishes rarely hibernate although 
some species become lethargic in cold 
weather and may remain motionless, 
partly buried in the mud. Lung-fishes, 
however, aestivate during the dry 
period when their pools often dry up. 
They burrow down into the mud and 
form a resting chamber from which 
little moisture escapes. _ 

‘Amphibians and reptiles are well- 
known hibernators. Frogs, tortoises, 
snakes and lizards all bury themselves 
away from the effect of frost. They 
often huddle together and this habit 
undoubtedly helps to keep their tem- 


THE POOR-WILL —A 
SEMI-HIBERNATING 
SPECIES OF 
NIGHTJAR 
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perature a degree or two above that of 
the surroundings. Some of these ani- 
mals seem able to expel water from 
their tissues. This makes the remaining 
fluids more concentrated and lowers 
their freezing point. The animals can 
then endure temperatures below 0°C 
without becoming frozen solid. 
Hibernation in 
Warm-blooded Animals 

True hibernation is not known 
among birds although some become 
drowsy during cold weather. Night- 
jars are insect-eating birds. European 
ones migrate to South Africa in 
winter. However, the Poor-will, an 
American nightjar, has recently been 
found to pass the winter in a state of 
semi-hibernation. The temperature of 
these sleeping birds is about 65°F 
instead of the normal 100° of the 
active bird. Many mammals, too, hide 
away and remain drowsy during the 
winter months. Bears, badgers, tree 
squirrels and others go to sleep for 
varying periods of time, but they wake 
periodically and may feed on stored 
food. Their temperature does not drop 
more than a few degrees below normal, 
however. True hibernation, where the 
body temperature falls almost to that 
of the surroundings, is found in only 
a few groups of mammals. The egg- 
laying monotremes and some of the 
opossums are known to hibernate in 
cold winters. Bats of temperate and 
cold climates hibernate because they 
cannot catch insects in winter. Bats are 
peculiar, however, in that their tem- 
perature drops considerably every 
time they sleep, even in the summer- 
time. In this torpid condition they use 
less energy and they can be more 


Hibernating bats. Moisture often condenses 
on the cold fur.gs they sle 


if 
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The life-cycle of the Brimstone butterfly — 
one that hibernates as an adult. Many other 
insects pass the winter as eggs, grubs, or 
pupae. 

active when they are awake. 

Some insect-eating mammals — 
notably the hedgehog —- and many 
rodents (e.g. dormice, ground-squir- 
rels and hamsters) also go into a deep 
winter sleep. Even so, these hiberna- 
tors often wake up and may feed on 
stored food. Ground squirrels cer- 
tainly do this. It seems that periodic 
waking is essential for getting rid of 
accumulated waste. 

Before they go into hibernation, 
animals often put on weight, in the 
form of fatty deposits. This extra 
material is drawn upon during the 
winter sleep. Others store nuts and 
other food on which to draw when 
they wake at intervals. It is not known 
what stimulus causes these prepara- 
tions, nor are the physiological pro- 
cesses of hibernation fully understood. 
Temperature and lack of food prob- 
ably contribute to the onset of hiber- 
nation and the length of the day may 
possibly be concerned. There must 
also be some internal control because 
close relatives of hibernating animals 


often remain active in'the cold season. 

At the start of hibernation the tem- 
perature-regulating mechanism is dis- 
turbed and the body temperature 
falls. The regulating mechanism may 
fail in response to prolonged cold. A 
short cold spell will not necessarily 
lead to hibernation. As the body tem- 
perature falls, the other activities slow 
down. Less oxygen is used, less food 
material is used, breathing slows down 
and the heart-beat rate also slows 
down. The animal is then in a deep 
sleep. Its metabolic rate (the rate at 
which the body processes go on) is less 
than a thirtieth (even as low as one 
hundredth) of that of the active ani- 
mal. These changes are probably the 
result of hormone action. All the 


while, however, the nervous system is 
in control. If the outside temperature 
drops too much, the heart-beat quick- 
ens and the body temperature in- 
creases to maintain life. 

The end of hibernation is brought 
about by some stimulus such as the 
temperature rise in the surroundings 
and is probably controlled by the ner- 
vous system. The body processes in- 
crease their rate and shivering often 
occurs — producing more heat. In the 
hamster, an hour or two is all that is 
necessary for the animal to wake and 
regain its normal temperature. Bats 
possibly need an even shorter time. 
During the waking process a great deal 
of energy is used and so, although a 
hibernating animal does wake periodi- 
cally, too frequent disturbances can be 
fatal. An animal will quickly use up its 
supplies of fat and, unless it has a store 
of food on which to draw, it will soon 
perish. 
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STREAMLINE 
ENTERS NOSE 


| TECHNOLOGY | 


AN aircraft’s speed is indicated by 
pressure of air flowing around the 
fuselage. The pressure depends on the 
speed of the air relative to the aircraft. 
The nose and the leading edges of the 
wings part the air so that it flows 
smoothly, in ‘streamlines’ around the 
rest of the fuselage. The pressure of the 
air ‘cut’ by the aircraft is different 
from the pressure of stationary air. The 


PRESSURE IN STREAMLINE 
TRANSMITTED THROUGH HOLES 


difference between these two pressures 
is a measure of the aircraft speed 
relative to the surrounding air. 

Two tubes lead from the air-speed 
indicator in the cockpit, one tube 
inside the other. The tubes end at the 
Pitot (pronounced pee-tow) head, jut- 
ting out from the nose or wings. There 
the inner tube opens out so that it is 
exposed to the air at the front of the 
aircraft. One ‘streamline’ goes straight 
through this hole, and it continues 
through the tube to the air-speed in- 
dicator. It leads to a capsule in the 


indicator, so the flow is effectively 
brought to a halt in the inner Pitot 
tube. 

The end of the outer tube is closed. 
However, a set of small holes is drilled 
in the side of this tube. An air stream- 
line flows straight past these holes and 
it is undisturbed by them. The pressure 
just outside the holes is the same as the 
pressure just inside the holes. This 


pressure is also transmitted back to the 
air-speed indicator. It is the pressure 
associated with the speed at which the 
aircraft is flying, relative to the air. 
The outer tube, the Pitot static tube, 
opens into the body of the air-speed 
indicator. The inner tube ends in a 
flexible capsule inside the indicator. 
The size of the capsule depends on the 
difference in pressure between its 
outside and its inside, that is, on the 
difference between the pressures in the 
two tubes. A lever is fixed to the top of 
the capsule, passing changes in its size 


The Pitot-static tube is used to give a pressure difference, shown 


here by the difference in the levels of mercury in the U-shaped tube. 
The speed is greater in the diagram below than in the diagram on 
the right. Consequently the pressure difference is bigger. 


PRESSURE 
DIFFERENCE 


4 
( CAPSULE 


y 
STREAMLINE 


on to move the dial of the indicator. 
Correcting the Indicated Air 
Speed 

The speed on the dial is the true air 
speed only if the aircraft is flying at 
about sea level and the surrounding 
temperature is 59°F (15°C). The 
reading depends not only on the pres- 
sure, but also on the density of the air. 


PRESSURE 
DIFFERENCE 


il 


The air-speed indicator in- 
dicates the pressure differ- 
ence between the air in the 
two tubes. Pressure in the 
capsule, which contains air 
brought to a halt by the 
aircraft, is higher than pres- 
sure in the rest of the 
indicator. The capsule ex- 


STREAM TUBE 


 AIR- FLOWS QUICKLY IN 
) SENARROW' TUBE HIGH 
_ __VELOCITY__LOW PRESSURE 


This is air bounded by a set of streamlines —a stream tube. Air flows smoothly and 
continuously through the stream tube. A parcel of air starting at the left hand side 
travels quickly at first. It slows down as the stream tube opens out, until it is almost 
stationary at the right hand side. The pressure of the quickly moving air is less than the 
pressure of the stationary air. If it were the other way round, the quickly-moving air 
would accelerate itself. This is absurd. It is impossible in Physics to get ‘something for 


pands and contracts, vary- 

ng with the pressure 

difference. The needle then 

oer around the indicator 
ial. 


This is affected by the altitude at 
which the aircraft is flying. The density 
of the atmosphere gradually decreases 
as the aircraft climbs higher, and this 
has a considerable effect on the in- 
dicated air-speed. 240 miles per hour 
on the dial at 30,000 feet corresponds 
to a true speed of 392 miles per hour. 
Corrections, based on the aircraft’s 
altimeter reading are applied to all 
indicated air speeds. True air speed is 
the speed of the aircraft relative to the 
air. However the indicated air speed 
is also required by the pilot to indicate 
the lowest speed at which it is safe to 
fly. Stalling speed is nearly the same 
indicated air speed at all altitudes. 
More corrections are necessary if the 
aircraft travels faster than sound. But 
these are not used to find the real speed 
of the aircraft. A more useful measure 


One imaginary streamline flows straight into the mouth of the open 
Pitot tube. The air is brought to a halt, relative to the aircraft. The 
pressure recorded in the U-tube ts sometimes called the impact 


pressure. 


nothing’. 


of the speed is the Mach number, the 
number of times the speed of the air- 
craft is greater than the speed of sound 
in the surrounding air. (The speed of 
sound in the air also depends on the 
altitude and on the temperature). It is, 
however, possible to calculate the 
Mach number from the two Pitot 


Streamline Flow 


Modern aircraft are streamlined so 
that they cause as little disturbance as 
possible in the air. 

Turbulence affects the pressure of 


the air, so it also affects the reading on 
the airspeed indicator. The Pitot head 
is placed where it is unlikely to en- 
counter turbulence (it is streamlined, 
so does not caise any turbulence itself). 
On high speed aircraft the Pitot heads 
are to be found near the nose or wing- 


tips. The Pitot head has holes to drain - 


away rain, and it is electrically heated 
to prevent icing. 


THIS PRESSURE 
IS CALLED 
THE IMPACT 
PRESSURE 


pressures. The Mach number depends 
on one pressure divided by the other 
pressure. The air speed indicator for 
supersonic speeds (the Machmeter) is 
modified to give one pressure divided 
by another pressure (the ordinary air- 
speed indicator works from the pres- 
sure difference). 


Streamlines flowing across the opening of the static tube are un- 
disturbed. So the pressure just outside the hole is the same as the 
pressure inside the hole. This is less than the impact pressure. 


HIS TS THE 
PRESSURE 

IN THE 
MOVING 
AIR-STREAM 


DRY CELLS 


HE best electrical supply for a small 
pocket torch is two ordinary 14- 
volt dry cells. The dry battery is really 
portable because it is completely 
sealed and therefore nothing can spill 
out into the torch when it is waved 
around and turned upside down. The 
lead accumulator would be no use 
because strong sulphuric acid would 
slop out of the container. 

The battery consists of a supply of 
chemicals carefully designed to give an 
unfaltering supply of electrical cur- 
rent. The current only fails when some 
of the chemicals have been used up. 
It is possible to refill a used cell and use 
it again, but because of the messiness 
it is not really worth while doing this. 


TWO CELLS CONNECTED 
IN SERIES IN A TORCH 


PEELEETELEEE 


224 VOLT BATTERY OF THE 
TYPE USED IN TRANSISTOR 
RADIOS, HEARING AIDS 
AND PHOTOFLASH 
MECHANISMS. IT CONSISTS 
OF 15 14 VOLT DRY CELLS 


3 VOLT COMBINATION 


When more than 1} volts is required from a 
dry cell, several cells have to be connected 
mm serves. The indwwidual voltages will then 


add up. 


The dry cell can be made in any 
shape or size. Because the larger cells 
contain more chemical substances 
they last longer. Increasing the size 
may increase the life of the cell, but it 
will not increase its voltage. Large or 
small, the voltage of a single dry cell 
of this type is 14 volts. The container 
is made of the soft, dull grey metal, 
zinc, with a thin paper lining. The 
terminal at the top of the battery is 
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A dry cell. The zinc container is the negative 
electrode of this cell and the carbon rod 
down the middle is the positive electrode. 
The container is packed with a moist mix- 
ture of black manganese dioxide, and white 
ammonium chloride. 


connected to a carbon rod which runs 
the length of the inside. Surrounding 
this rod and packing the rest of the 
container is a moist mixture of the 
black powder manganese dioxide, 
white ammonium chloride crystals 
and some porous inactive solid like 
sawdust. The cell is called a dry cell 
because it is dry outside. This is 
certainly not true of the inside. To 
work properly, the chemicals inside 
the battery must stay damp. The zinc 
canister is sealed with pitch to prevent 
this moisture from drying or leaking 
out. 

When the torch is in use, metal 
strips leading from the bulb are con- 
nected one to the carbon rod and the 
other to the zinc container at the 
bottom of the battery. The carbon rod 
is the positive electrode of the cell. It 
receives a flow of electrons and the zinc 
container is the negative electrode. 
Electrons leave the negative electrode 
to flow through the light bulb and 
back into the carbon rod. 

How the Battery Works 

When the rod of zinc is dipped in a 
dish of water an electrical potential is set 
up. This is caused by some of the zinc 
atoms’ shedding two electrons to form 
zinc ions (Zn**). The zinc ions ‘swim’ 
away in the solution leaving the spare 
electrons clinging to the surface of the 
zinc rod. The zinc rod has a slight 
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ACTUALLY GOES 
THROUGH THE 
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THIS WAY 
CLARITY 


BULB wen 
TERMINAL d 
MAKES — 7. 
CONTACT WITH 
CARBON ROD 


THIS SPRING MAKES 
CONTACT WITH 
ZINC CONTAINER 


negative charge and the solution 
carries a small positive charge. A 
potential difference exists between the 
zine rod and the solution surrounding 
it. 

Gradually a state of equilibrium is 
set up. After a time, as fast as zinc 
atoms dissolve, more zinc ions come 
out of solution to take their place. The 
zinc seems to have stopped dissolving. 
This means that a steady electrical 
potential is set up, not one that in- 
creases with time. 

No current flows because there is no 
complete path round which the elec- 
trons can flow. 

In the dry cell, the zinc cylinder 
with its overall negative charge is used 
in conjunction with another electrode, 
a carbon rod which tends to retain a 
positive charge. When the torch is in 
use, the electrons from the zinc con- 
tainer flow through the bulb in the 
torch to the carbon rod in an attempt 
to make up the electron deficiency 
there. This is a hopeless task because 
the carbon rod loses electrons as fast 
as it receives them and more zinc pro- 
vides electrons to take the place of 
those that have left. The flow of the 
current is continuous as long as the 
circuit is complete. The difference 
between the potentials of the two elec- 


trodes gives the cell a constant running 
voltage of 14 volts. 
Chemical Processes in the 
Battery 
At the negative rod zinc atoms 
ionize. Electrons are left on the plate. 
Zn —» Zn + 2e 
Zincatom Zincion electrons 
The electrons flow through the bulb to 
the positive carbon rod where they are 
immediately taken up by ammonium 
ions from the ammonium chloride. 
The gases ammonia and hydrogen 
form in this reaction. 


2NH,* + 2e -—» 2NH, + 2H 
ammonium electrons ammonia nascent 
ions hydrogen 


Without special arrangements to re- 
move them, these gases would collect 
in bubbles round the carbon rod and 


REMOVING THE AMMONIA 
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COMPLEX 
ZINC ION 


AMMONIA 


AMMONIA IS TAKEN UP 
BY THE ZINC IONS 


Electrons flow through the bulb from the 
negative zinc container to the posttively 
charged carbon rod. Hydrogen and ammonia 
Jorm, but are takenpup before they have a 
chance to form’ gas bubbles and stop the cell 


from working. (OOG*> 


The zinc tends to go into solution as zinc 
tons, leaving electrons behind on the zinc 
rod. A potential difference exists between 
the rod and solution. This potential differ- 
ence 1s used in the dry cell. 


gradually bring the working of the 
battery to a halt. This effect is known 
as polarization. The ammonia is taken 
up by the zinc ions to form a complex 
ion, Zn (NH3),°* The cell is packed 
with manganese dioxide to take up the 
hydrogen as it forms. 


REACTION AT THE CARBON ROD 
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AMMONIUM | 
TAKE UP ELECTRONS 
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FORMS 


CARBON ROD 


POLARISATION 


IF THE AMMONIA 
AND HYDROGEN 
FORMED BY THE REACTION 
WITH THE ELECTRONS 
ARRIVING AT. THE 
CARBON ROD ARE 
NOT REMOVED THEY 
FORM IN BUBBLES 
AS GASES ROUND 
THE ROD AND PREVENT 
ANY FURTHER ACTION 
FROM TAKING 
PLACE 

THIS EFFECT 
IS KNOWN AS 
POLARISATION 


ELECTRONS 

FLOW THROUGH 
CONTAINER LIGHT FILAMENT 
CARRIES TO CARBON «© 
NEGATIVE 
CHARGE 


AMMONIUM 
IONS TAKE 


P THE 
ELECTRONS 


BY AMMONIUM 
JONS 


ELECTRONS 
FLOWING 

FROM ZINC 
CONTAINER 


Often a 14-volt supply is not suffi- 
cient. In a torch which needs a 3-volt 
battery, two 14-volt cells are placed 
one on top of the other so that the car- 
bon rod of one is in contact with the 
zinc container of the other. This con- 
nects them in series so that the total 
voltage is the sum of the two individual 
voltages. 


REMOVING THE HYDROGEN 
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THE HYDROGEN 
REACTS TO FORM 
MANGANESE IONS 
AND WATER 


2H + MnO, +. 2Ht 


nascent manganese hydrogen 
hydrogen’ dioxide ions 


HYDROGEN 


Mn** + 2H,O 


manganese water 
ions 


i. OF 


AMMONIA 
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HERE are many stories to unravel 
from a single piece of rock. It may 
be that the rock has cooled from a hot 
molten mass (igneous rock). In this 
case, the type of crystals in the rock 
will reveal something of the original 
composition and temperature of the 
molten mass while the size and form of 
the crystals will indicate just how fast 
it cooled. 

On the other hand the rock may be 
sedimentary — that is, built up of material 
weathered from other, older rocks. It 
may then be possible to find out where 
the fragments came from by matching 
them with outcrops of parent rock 
elsewhere. From the shape of the frag- 
ments the agency which displaced 
them may be_ revealed — whether 
wind, water or ice. 

To the geologist, whose chief aim is 
to build up a picture of the Earth’s 
history, all such clues are invaluable. 
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Further clues may be present. The 
remains of organic life (fosstls) preser- 
ved in sediments may not only enable 
him to date the rock but possibly, by 
comparison with forms of life today, 
may provide evidence of the climate 
and conditions of the time when the 
rock was formed. There may be struc- 
tures in the rocks — mud cracks, ripple 
marks, or folded and broken layers, all 
of which have something to reveal of 
events that have long since passed. 

But glimpses of ancient landscapes, 
seas, and life so faithfully recorded 
in the Earth’s crust are of little value 
unless they can be put in the order in 
which they took place —the correct 
chronological order. ‘To do this — to get 
his chapters in the right sequence — the 
geologist constructs his map. 


The Geological Map 
Though the geological map may 


A SIMPLE 
HOME-MADE 
CLINOMETER 

FOR MEASURING 
THE DIP OF ROCK 
LAYERS 


COMPASS 

- USED FOR FINDING 

THE DIRECTION IN WHICH 

A ROCK LAYER DIPS. 

THE STRIKE OF THE 

ROCK — THE DIRECTION 
WHICH THE ROCK OUTCROP 
FOLLOWS ACROSS COUNTRY 
—IS ALSO RECORDED 


The appearance of a landscape often gives an 
indication of geological structure. Here a 
geologist makes use of a high vantage point 
to sketch in features. Hard rocks form 
ridges ; soft rocks weather into vales. Inset, 
two simple instruments, a compass and a 
clinometer. 


Conditions of the past are reconstructed by 
comparing structures and fossils preserved in 
rocks, with similar present-day occurrences. 


Geology attempts to reconstruct the 
entire history of the Earth and its 
inhabitants. So vast is the subject that 
for convenience, it is divided into a 
number of branches. Physical Geology 
is the study of mechanisms in the 
Earth — causes of uplift and subsidence, 
processes of weathering and deposi- 
tion. Palaeontology is the study of 
fossils — the preserved remains of past 
animals and plants. Petrology considers 
the origin and composition of rocks, 
while Mineralogy deals with the study 
of the individual minerals making the 
rocks. 

All other branches of science con- 
tribute to geology. Physics is particu- 
larly useful to physical geology — for 
instance in understanding Earth move- 
ments. Chemistry contributes to 
mineralogy and petrology while 
.palaeontology is really the ‘biology’ of 
the past. 

Though a geologist may have a broad 
knowledge of the whole of his subject, 
often he will specialize in some par- 
ticular branch of it. 


record in a few square feet millions of 
years of geological time, there is 
nothing strange or mysterious about it, 
or about its construction. The geolo- 
gist with a hammer, compass and a 
simple instrument called a clinometer 
goes out into the country and simply 
marks down on an ordinary (topo- 
graphical) map those rocks that reach 
the surface in the particular area he is 
surveying. In different colours, he 
shades in the various limestones, sand- 
stones, shales or volcanic lavas just 
where they occur. 

Because of the covering of soil this 
may often appear difficult. But the 
geologist soon learns the tricks of his 
trade. In quarries, cuttings, stream 
beds and along river banks the under- 
lying rocks can often be found to break 
the surface. Elsewhere, a gentle change 
of slope may mark a change in the rock 
underneath or inspection of fragments 
thrown up by burrowing rabbits, 


moles and badgers may be useful. A 
series of springs, a difference in drain- 
age, even a change of vegetation may 
be significant enough for the geologist 
to separate different types of rock. 

An outcrop of a rock at the Earth’s 
surface is of course only a section of 
a layer which is for the most part con- 
cealed. One layer rests on top of 
another, and, according to a principle 
discovered by the English geologist, 
William Smith; the upper layer will be 
younger than the lower layer. This is 
common sense, for the upper layer can 
only have been deposited at a later 
time. 

Using Smith’s so-called Law of 
Superposition, the geologist can find out 
the relative ages of the rocks in the area 
he has mapped. He then can relate his 
map to maps made elsewhere and 
slowly a fuller picture of the sequence 
of the rocks is built up. 

Cretaceous rocks can be shown to 
rest on top of older Jurassic rocks while 
Jurassic rocks themselves lie upon even 
older Triassic rocks. In some areas the 
record of rocks deposited in time may 
be incomplete. Great thicknesses of 
rock may have been eroded away or 
alternatively no sediment may have 
been laid down. Somewhere, however, 
there are rocks that bridge the gap. 
Then, with a correct sequence of rock 
known, all the individual clues given 
by the fossils and minerals and struc- 
tures can be fitted into place. Pictures 
of each episode of the Earth’s history 
can be built up and also how one 
episode changed into another. 
Structure and the 
Geological Map 

When the layers of rock were formed 
they were laid down (as they are to- 
day) in a more or less horizontal 


position. If no Earth movements had 
taken place the horizontal position 
would be preserved. But throughout 
geological time, great upheavals have 
taken place and the layers of rock have 
been bent, fractured, and tilted. 

In his inspection of the rock layers, 
the geologist discovers not only the 
relative age of each layer, but also he 
can learn something of the forces in the 
crust. This is where his clinometer 
comes in use. A clinometer is a scale 
of degrees equipped with a plumbline, 
which can be used for measuring the 


MOOTH- 
SURFACED, 


ROUNDED 
SAND GRAIN‘ 


Top: Sharp-edged, angular sand grains 
indicate transport by ice. Below: Smooth- 
edged, rounded sand and worn fossils 
suggest that sediment has been reworked and 
redeposited by the sea. 


slope or dip of the rock layers. The 
steepness of the dip usually reveals the 
intensity of the past Earth movements. 
Once horizontal layers of sediments 
are perhaps now tilted into an upright 
position revealing the former presence 
of great compression forces. Again, a 
layer of rock may be found to dip 
under the Earth at one point, only to 
be discovered breaking the surface a 
short distance away, dipping in the 


The occurrence of rock layers at the surface together with their dip, reveals the geological 
structure of an area. The illustration shows an anticline as mapped in plan and as reconstruc- 


ted in section. 


Faults are @ important for Ray the structure of an an area. Tie. may aise be important 
in connection with the occurrence of oil and metal ores. Faults are sometimes revealed in a 

landscape as in the two left hand pictures. Elsewhere their presence may be detected by the 
repetition or cutting-out of known rock layers. 


opposite direction. Here the geologist 
has discovered a bend or fold in the 
rocks. The layer does not continue to 
plunge downwards but has been bent 
upwards by great forces. 

Another problem may be faults in 
the rock — cracks along’ which slabs of 


New techniques provide additional evidence 
for the geologist. Aerial photographs may 


Bee give a broad picture of the geology of an 


area hundreds of miles square. Seismic and 
magnetic surveys may reveal what rocks and 
structures lie beneath the surface. Cores from 
B drillings provide direct information about 
underground rocks. 


TECHNIQUES WHICH ASSIST THE 
GEOLOGIST 


AERIAL 
PHOTOGRAPHS 

MAY INDICATE THE 
BROAD GEOLOGY OF 
AN AREA 


A CORE OF 
ROCK BROUGHT 
UP BY A DRILL FROM 
BENEATH THE 
SURFACE 


rock have moved. Faults are also evi- 
dence of earth movements and may 
reveal themselves to the geologist as 
fault scarps at the surface, or by off- 
setting outcrops of rock, or simply by 
repeating outcrops of rock. 

By taking into account the tilt of the 
strata and the folds and faults, the 
geologist builds up a history of the 
structural geology of the area covered by 
his map. This will include an estima- 
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tion of the size and directions of the 
various forces which have been active. 
Application of Geology 

The story of the Earth as revealed by 
the rocks is a fascinating one. But the 
information built up over the years is 
not only of historic interest. The Earth 


EISMIC 
SURVEY- 
SHOCK 
WAVES 

_ MAY INDICATE 
WHAT ROCKS 
AND WHAT 
STRUCTURES 
LIE BENEATH 
THE GROUND 


MAGNETIC SURVEY 
BY AIRCRAFT 


provides man with coal, oil, metal 
ores, even water itself, while the rocks 
and their structure may be important 
in siting new buildings, dams and land 
development schemes. Maps may then 
not only be important for casting light 
on remote pasts, but in more practical 
applications which directly benefit 
man. From knowledge of rock struc- 
tures, the depth of particularly valu- 
able layers of sediment beneath the 


surface can be estimated. Perhaps the 
layer is a coal seam or a mineral vein. 
It may be water-bearing rock and the 
geologist can advise where to drill a 
well. 

In searching for oil the best oil fields 
are associated with certain rock struc- 
tures which trap the oil. Examples are 
arched up layers of rock (anticlines), 
salt domes, and faults. By careful 
mapping the geologist can discover 
the most likely places for oil to exist. 
This is valuable information, for the 
cost of drilling is very great. Bore holes 
are only sunk in those areas where 
there is some possibility of success. 
Otherwise too much money would be 
spent. 

The palaeontologist—a_ geologist 
particularly interested in remains of 
life—can not only date the rocks by 
the fossils but often he can correlate 
one bed with another known to be 
associated with a valuable mineral. 
There is then a strong possibility of 
further mineral discoveries. 

New techniques are now used to 
help the geologist. Samples from ex- 
perimental bore holes give additional 
information about underground struc- 
ture. And so do the geophysical 
methods of survey which measure the 
effect of shock waves in the Earth 
(seismic survey), the difference in 
gravitational attraction (gravimetric 
survey), and the intensity and direc- 
tion of magnetic fields (magnetic sur- 


vey). 


Right, the use of a chisel avoids breaking or 
damaging fossils. Above, shallow stream 
beds particularly in clay country may be 
good places to hunt. Heavier fossils remain 
when lighter mud is washed away. 


PALAEONTOLOGY 


LOOKING for FOSSILS 


FOSSILS are the remains and traces 

of past life, preserved in the rocks. 
Usually only the hard parts of or- 
ganisms are preserved, for the soft 
parts soon decay away. Hard parts 
include shells, bones, teeth, spines. 
Occasionally the impressions of soft 
tissues may be obtained where the 
original object has been pressed into 
very soft sediments. 

The rocks containing fossils are of 
three main types, sandstones which are 
gritty, shales which are softer and more 
plastic, and limestones which are usu- 
ally hard. Sandstones are generally 
poor for fossil hunting. They are 
porous and water can easily penetrate 
and dissolve away the minerals making 


Little equipment is needed for collect- 
ing fossils. A hammer, a few cold- 
chisels of varying size, newspaper for 
wrapping the large fossils, and a 
number of small pill-boxes for holding 
smaller specimens. A notebook and 
pencil are useful for noting exactly the 
locality the fossils came from, and if 
possible, the exact layer of rock. 

A convenient weight for a hammer is 
about 2 pound — weighty but not too 
tiring to carry about. Ordinary coal 
hammers can be used though the all- 
purpose geological hammers are 
better. Apart from a flattened end for 
breaking off pieces of rock, they have 
a wedge-shaped end which can be used 
as a lever, ascraper, a chisel ora trowel. 


the fossils. What fossils are found, are 
usually fragile. They should be gently 
treated and carried in small boxes 
filled with cottonwool or other shock- 
absorbent material. 

Shales are more rewarding, though 
sticky and unpleasant to work in. They 
are made of fine-grained clay minerals 
and are not porous. Water cannot per- 
colate freely and the hard remains of 
buried organisms are not dissolved. 
Unfortunately shales are easily com- 
pressed and tend to shrink. Often this 
shrinkage causes the fossils to be 
squashed and flattened. 

Shales may also contain nodules or 
lumps of limestone. Such nodules are 
formed by the calcium carbonate in 
the shale concentrating about a single 
nucleus. Often the nucleus is a fossil 
and cracking open a nodule may reveal 
a perfectly preserved specimen. 

Limestones are often fossiliferous — 
in fact they may sometimes be made up 
almost entirely of organic remains. Be- 
cause the rock is so hard, it may be 
difficult to extract fossils without 
damage. The best place to look is in 
the broken fragments which collect at 


the bottom of exposed cliffs and 


quarries. These small pieces are eas 


to inspect and often the processes off 


weathering clearly expose the fossils. 


Collecting from unweathered rock isi 


hard work. Large slabs broken o 


frequently have to be further broken 
down before fossils are found. 

Close examination of fossils, with a 
hand-lens, may reveal further informa- 
tion. Muscle scars may be preserved on 
the inside of shells, and growth lines 
on the outside may reveal the true age 
of the creature when it died. Com- 
parison with similar present-day forms 
may suggest something of the condi- 
tions of the past, even to the tempera- 
ture and depth of the sea. 

Fossils may have been moved before 
they were finally buried. Those that 
have, are often worn and broken, par- 
ticularly the valves which make the 
shells of bivalve molluscs. Others are 
still almost exactly in the same position 
as when they died. They have been 
left undisturbed on the sediment that 
formed the floor of the sea at the time. 


Inspection of a fossil with a lens may show 
delicate details of structure. Some small 


fossils may be found encrusting larger ones. 
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ACH year between one hundred 
and three hundred tons of dust 
and smoke particles fall on each square 
mile of land in the majority of British 
towns. Much of this deposit has passed 
into the atmosphere from domestic 
coal fires. Factory chimneys, railway 
locomotives arid road vehicles also 
discharge dust, smoke and harmful 
gases into the air. 

The effects of this contamination are 
particularly noticeable in the autumn, 
because at this time of the year fog is 
most likely to form. The fine particles 
of soot and ash, together with the tiny 


Clearing ‘hie Air 


droplets of tar in the smoke, con- 
tribute to the formation of the fog. 
Periods of persistent fog have for 
many years been accompanied by a 
sharp rise in the death rate. The 
victims were mainly people suffering 
from bronchitis and other chest 
diseases. And even in years when 
periods of fog have been quite short, 
the number of deaths from bronchitis 
have been much higher than in most 
other countries. Although there are 
several other factors associated with 
chest diseases, it is almost certain that 
air pollution (sulphur dioxide gas as 


In modern electrical power stations great efforts are made to prevent dust entering the atmos- 
phere. A combination of mechanical and electrical precipitators removes up to 99° 3°% of the 


dust, and by using very tall chimneys the residue is dispersed at a great height. 
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The Clean Air Act, 1956 


This Act is aimed at reducing the 
smoke nuisance. Amongst its many 
provisions, it limits or prohibits the 
emission of dark smoke. The intensity of 
smoke is measured by comparing it 
with shading on a Ringelmann Chart. 
There are four different grids on these 
charts and if the smoke density is as 
dark or darker than shade No. 2 it is 
said to be dark. 

The Act also gives powers to local 
authorities to create smoke control 
areas. In these areas it is illegal to emit 
any smoke at all. To assist householders 
to meet this requirement, grants are 


available towards the cost of new 
appliances which are capable of burning 
smokeless: fuels satisfactorily. Grants 
may also be made for gas or oil heaters, 
or electric storage heaters, if preferred. 


well as atmospheric dust) is one of their 
chief causes. 

Air pollution has other indirect 
effects on the health of town dwellers. 
Sunshine is important in maintaining 
good health since it helps the body to 
build up resistance to infection. How- 
ever, the dust and smoke in the air 
reduces the amount of sunlight reach- 
ing ground level. Over industrial 
areas as much as fifty per cent of the 
natural light may be lost in this way. 

The soot, dust and corrosive gases 
in the air also lead to erosion and 
eventual collapse of building stone. 
Clothing and curtains have to be 
laundered more frequently because of 
the dirt and grime which collects upon 
them, and if more expensive repairs 
are to be avoided, most exposed 


wooden and metallic surfaces have to 
be re-painted every few years. Many 
of these costly operations could be 
avoided if the air were cleaner. 

What is smoke? 

Smoke consists of very small par- 
ticles of carbon, soot and tar which are 
carried away with the waste gases 
from fires, furnaces and internal com- 
bustion engines. Smoke is a product of 
incomplete combustion — the _ less 
efficient the furnace is, the darker is its 
smoke. When coal is burnt in an open 
grate, the volatile matter often goes up 
the chimney as smoke before it has a 
chance to burn. 

All solid fuels contain some in- 
organic material which does not burn. 
Most of this should fall through the 
grate as ash, but some of the finer 
particles are carried up the chimney 
with the waste gases. 

Many fuels contain small quantities 
of organic and mineral sulphur com- 
pounds and when these are burnt, 
sulphur dioxide is formed. As this gas 
can give rise to sulphurous and sul- 
phuric acids, it is potentially as 
dangerous as the soot and dust in the 
air. Certainly sulphur dioxide is the 
principal agent responsible for the 
erosion of building stone, though it is 
the soot in the air which brings the gas 
into close contact with the stone as well 
as making buildings dirty. 

Not only are there many more 
domestic coal fires than industrial 
furnaces burning coal, but the chim- 
neys of private houses are much 
shorter than the majority of factory 
chimneys. The smoke discharged at a 
low level (from domestic flues) often 
tends to fall back to the ground quite 
soon because of insufficient air move- 
ment. In contrast the smoke from the 
higher factory chimneys is distributed 
quite quickly over a much wider area. 

But as well as polluting the air, the 


Constant checks are made on the amount of dust in the air. The dust — blown 


etuind and 


washed by the rain — 1s collected in a special pollution gauge and transferred to this instrument, 


where the amount of dust collected is measured. 


discharge of soot and tar from chim- 
neys represents an actual wastage of 
fuel. In fact it has been estimated that 
about 5°% (i.e. one cwt. from each ton) 
of the coal bought for domestic use 
goes up the chimney as smoke. Its 
heating power has been wasted. 
Reducing Smoke 

Domestic fires are the principal 
source of the substances which pollute 
the air, so this menace can only be 
reduced if householders use alternative 
ways of heating their homes. Gas and 
electricity are becoming increasingly 
popular methods of home heating, but 
for those who prefer to have an open 
fire or openable room heater a number 
of smokeless fuels are now available. 

The smokeless fuels are manu- 
factured from coal. Most of the valu- 
able raw materials, which would 
otherwise be lost up the chimney, are 
recovered by heating the coal in 
closed retorts. (As air is excluded from 
the retorts neither the carbon nor the 
volatile matter is allowed to burn). 
The residue, which contains little or 
no volatile matter, burns without 
giving off smoke. 

In addition to coke, or ‘Gloco’ which 


is almost pure carbon, there are a 
number of proprietory smokeless fuels 
which contain a small quantity of 
volatile matter. This makes them 
easier to light. The fuels include 
‘Coalite’ and ‘Rexco’. 

Although these fuels can be burnt in 
the traditional open grate, they are 
much more effective when used in one 
of the improved grates now on the 
market. Not only do the smokeless 
fuels burn satisfactorily in these new 
grates, but it is also possible to control 
the rate of burning quite easily. 

Other smokeless fuels, such as ‘Phur- 
nacite’ and ‘Sunbright’ are not suit- 
able for burning in open grates. How- 
ever they are excellent for use in 
closed heaters (or stoves) and domestic 
boilers, as, of course, are the natural 
smokeless fuels — anthracite and Welsh 
steam coal. 

In modern industrial boiler plants 
and furnaces coal can be burnt effici- 
ently and, therefore, without smoke. 
Even so, fine ash (known as ‘fly ash’) 
may be discharged into the air. This 
can be minimized, however, by in- 
corporating dust precipitators in the 
flues. 


One of the effects of atmospheric pollution is that the dust and corrosive gases in the air erode building stone. These two pictures show the 


detail of a capital which has been eaten away (left) and the new stone which replaced it (right). 
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NEW METHODS OF POWER GENERATION 


M.H.D.-ELECTRICITY $ 


from HOT GASES 


ASES at high temperatures can 
conduct electricity. Some of the 
gas atoms shed electrons (negatively 
charged particles), leaving the rest of 
the atom with a positive charge. So the 
hot gas contains both positive and 
negative charges, and is able to trans- 
port an electric current. A gas in this 
form is called a plasma. One of its most 
promising properties is that an electric 
current can be generated in_ the 
plasma. 

This may be put to use in power 
stations which use coal or oil as their 
fuel. An electric current is generated 
directly in the hot gases leaving the 


The present maximum efficiency of 
coal- or oil-burning power stations is 
about 40%. That is, over half of the 
energy released by burning the fuel 
is ‘lost’ before it can be turned into 
electrical energy. 

The main reason for the inefficiency 
is that the steam used to drive the 
steam turbines cannot be used at tem- 
peratures higher than 600°C. It is very 
difficult and expensive to make moving 
metal parts capable of working at 
higher temperatures. But the flames 
from the burning fuel are far hotter 
than this. 

M.H.D. is a way of converting heat 

__ energy to electrical energy at the same 
ae, temperature as the hot flame. 
(M.H.D. stands for magnetohydrody- 

namics). The only moving part is the 

_ hot gas itself — so there are no moving 
pieces of metal to seize up at high 
temperatures. : 

Many of the problems of dealing with 
the hot, corrosive gas in MHD. 
generators have still to be solved. But, 
the use of M.H.D. could increase the 
efficiency of the power station to 55%. 


burning coal or oil. Then the gases go 
on to heat steam, which powers steam 
turbines, and the steam turbines drive 
electrical generators. This happens in 
all conventional coal- or oil-burning 
power stations — the difference is that 
the extra electric current generated in 
the hot gas makes this new kind of 
power station more efficient than 
previous ones. 

The hot gases from burning oil or 
coal are swept at high speed between 
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the poles of a magnet. They are ex- 
panded suddenly, and accelerate. Pot- 
assium or caesium atoms have been 
added to the gas to make it a better 
electrical conductor. These atoms 
easily shed electrons. The flow of gas 
‘cuts’ the magnetic field. Whenever a 
conductor cuts a magnetic field, an 
electric current is generated. It does 
not matter whether the conductor is a 
piece of metal, a liquid or a gas. The 
magnetic field is at right angles to 
the gas flow, and the current is at right 
angles to both the magnetic field and 
the gas flow. If there is nothing to 
collect the current and allow it to flow 


One of the difficulties of M.H.D. lies in 
developing new materials which will not 
crack at high temperatures. 


Electrons are torn out of the electrodes, and 
all existing materials soon -corrode under 
these conditions. 


around a complete electric circuit, it is 
more correct to say that a potential 
difference, or a difference in voltage is set 
up across the gas. This means that 
positive charges are accumulated on 
one side, and negative on the other. 
Collecting the Current 

Since the gas conducts electricity, 
the current can be picked up by pieces 
of metal (electrodes) within the gas 
tube. It is a direct, one-way electric 
current. 


CAESIUM ATOMS BACK TO FURNACE 


The process is called Magnetohydro- 
dynamics (M.H.D.). It is still in the 
experimental stage. Although the idea 
sounds simple enough, there are a 
great many technical difficulties. 

The parts which take the most 
punishment are the electrodes which 
pick up the electric current. They 
have to withstand a hot corrosive 
atmosphere for long periods of time. 
Electrons are drawn off from the gas 
through one set of electrodes. There 
are not enough electrons in the gas to 
make up the deficit, so the other set of 
electrodes must emit electrons con- 
tinuously to keep the gas conductive, 
and the electrode soon tends to wear 
out. 

Another difficulty lies in making the 
flame temperature high enough. Be- 
fore M.H.D. generation will work 
satisfactorily, the temperature must be 
at least 2,600°C. At lower tempera- 
tures the gas does not ionize suffi- 
ciently. It is easy, but expensive, to 
reach this temperature by burning the 
fuel in oxygen. Air is much cheaper 
than oxygen, but it must be _pre- 
heated (to between 1,000°C and 
1,500°C) before it reaches the burning 
fuel. A possible solution is to preheat 
the incoming air with the exhaust 
gases from the process. 
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Air and gas pass only once through 
this kind of M.H.D. generator and 
flow away through the exhaust. It is 
called an open cycle. Ina closed cycle pro- 
cess, the same gas travels round to the 
beginning and is used again and again. 
This is no use in a coal- or oil-fired 


power station, where fresh supplies of 


air are needed to burn the coal, but it 
may be possible to apply it to future 
nuclear power stations. 


DIRECT ELECTRIC | 
PRODUCED - THE 
COLLECT IT. 


FIRST FINGER — FIELD 


A diagram of an M.H.D. system, used to- 
gether with steam turbines for generating 
lectric power. In a nuclear power station, 
the nuclear reactor would replace the fur 
nace, and the system would operate on a 
closed cycle. 
Open and Closed Cycles 

‘The nuclear reactor is like a furnace 

the energy from nuclear reactions 
provides the heat. A gas flows through 
the reactor, taking up this heat. In 
the ordinary way, the heat transferred 
by the gas is used to superheat steam, to 
drive the steam turbines, and finally 
drive the electricity generators. Then 
the cooled gas goes back to the reactor 
to begin the cycle again. There is no 


need to provide a constant supply of 


fresh gas, because the gas is not 
affected chemically — it merely trans- 
fers heat energy from one place to 
another. 

Helium is a good gas to use in a 
closed-cycle M.H.D. generator. It is 
non-corrosive, and ionizes at lower 
temperatures than most gases. Helium 
can be used effectively at around 
1,500°C, although it needs to be 
‘seeded’ with ionizing molecules (usu- 
ally caesium) to improve its conduc- 
tivity. 
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Two different kinds of electric cur- 
rent would Le generated at a future 
-D. Most of the cur- 
lat current, produced 
onal way through steam 
aie generators. The 
-D. current is a direct 
t is a simple matter to 
-. an alternator, turn the 
current into an alternating 
current, and sad it onto the rest of the 
alereeE PE 


However, the temperatures inside 
present power-producing nuclear re- 
actors are lower than this. The ura- 
nium fuel for the reactor is enclosed in 
metal containers, to retain the danger- 
ous radioactive isotopes produced in 
the reactor. The temperature is limited 
by the melting-point of the containers. 
Uncanned fuel elements, which retain 
the radioactive isotopes without con- 
tainers, are being developed. The 
temperatures inside these reactors will 
probably be high enough for M.H.D. 


generation. 


Practically all of our electricity is 
‘produced with electrical conductors 
and magnetic fields (electro-magnetic- 
all : 
_ The electrical conductor —a solid, 
puidor a gas, must ‘cut’ the ‘lines’ 
the ‘magnetic field, running from the 
north pole to the south pole of the 
magnet. Most electricity is produced 
when the conductor ‘cuts’ the lines at 
right a _ (none is produced when 
the conductor moves parallel to the 
lines). 

The electric current does not flow 
in the same direction as the magnetic 
field; nor does it flow in the same 
direction in which the conductor is 
moving. It flows at right angles to both. 
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FIRST FINGER - FIELD 


ALTERNATING 


| ORGANIC CHEMISTRY | 


ANTIFREEZE-ETHYLENE 


GLYCOL 


BITTERLY cold weather can create 
havoc with a car if no steps are 
taken to protect it. The radiator and 
cylinder block are usually the first 
things to suffer. If the water inside is 
allowed to freeze, the cylinder block 
will split and crack in much the same 
way that water pipes burst when the 
water inside them becomes frozen 
Ice is less dense than water and 
therefore when water freezes and turns 
to ice, it needs more space. The water 
in the car radiator is enclosed in a 
confined space. The metal cannot ex- 
pand, in fact, the metal contracts as it 
grows colder. So when the water starts 
to freeze, the cooling system comes 
under pressure from the inside, as the 
water pushes on it in an attempt to 
make room for the ice. The cylinder 
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block and perhaps the radiator cannot a. Se 


stand up to the strain and cracks. | 
Cracked cylinder blocks can be expen- 
sive items, for they are difficult to 
repair and usually have to be replaced 
instead. 

Once the block has cracked, the 
cooling system of the engine is out of 
action and if the car is used in this 
condition, the engine will become very 
much over-heated and clouds of steam 
will billow out. 

It is therefore very important tha 
the water in the cooling system should 
never be allowed to freeze, even 
though the weather conditions are 
sub-zero. Something must be added 
to lower its freezing point. In other 
words, the cooling water must be 
treated with antifreeze. 

When a little salt is added to water, 
the freezing point drops slightly. When 
more salt is added, the freezing point 
drops even more. The addition of an 


FREEZING 
COLD 


impurity has the effect of lowering the 
freezing point. Although salt does this 
fairly well, it is, in fact, never used as 
antifreeze because it is extremely cor- 
rosive and will rapidly eat into the 
metal of the radiator. 

The organic compound, ethylene 
glycol is usually used. It is very efficient 
at lowering the freezing point of the 
cooling water. Unlike salt it is not very 
corrosive and can therefore be used 
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Manufacture of Ethylene 
Glycol 


When oil is heated in the presence THE TT 
of a catalyst, its long molecules break als a GLYCOL HAS 
into fragments. The gas, ethylene, is BOILING POINT 
separated out from this mixture of 
compounds. The ethylene is mixed with 
oxygen and in the presence of a cata- 
lyst, the two combine together to form 
ethylene oxide. 

Ethylene oxide is a gas under normal 
conditions, but only a small pressure 
need be applied to convert it into a 
liquid form. The gas is liquified by 
pressure and mixed with water. Several 
different chemical reactions take place. 
The ethylene oxide, which is a ring 
compound, opens up and takes hy- 
droxyl groups from the water. The 
main products are three different 
ethylene glycols. 

As each glycol has a different boiling 
point, the three can be separated by 
fractional distillation. 
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The water in the cooling system should never 
be allowed to freeze. Water expands when it 
Sreezes and this can crack the radiator pipes 
and cylinder block. 


without fear of damaging the radiator. 
The bottle of antifreeze bought by the 
motorist consists largely of ethylene 
glycol together with a small percentage 
of other chemical compounds which 
act as inhibitors and protect the inside 
of the radiator against corrosion. 

The inhibitors are very necessary 
because water itself is a most corrosive 
substance and can cause a great deal of 
damage if it is not kept in check. Al- 
though the same glycol could be used 
‘indefinitely, the inhibitors tend to lose 
their power. It is therefore advisable 
to use a fresh supply of antifreeze each 
winter to keep the radiator free from 
corrosion. 

The antifreeze is mixed with water 
and diluted when the radiator is filled. 


For the British climate, one volume of 
antifreeze is usually diluted with three 
volumes of water. This solution, which 
is 25°% glycol by volume, has a freezing 
point of —12-8°C. As the weather is 
very unlikely to become as cold as this, 
there is little chance that the mixture 
will freeze. 

This sort of mixture is obviously no 
use at all inside the Arctic Circle 


: where the temperature is likely to drop 


well below — 12°8°C. A liquid with a 
much lower freezing point must be 


fF used. As more and more ethylene 


glycol is added to water the freezing 
point steadily drops, but there is a 
limit to the amount the freezing point 
can be depressed in this fashion. When 
too much glycol is added, its freezing 
point starts to rise again. The lowest 
freezing point which can be obtained 
from a mixture of ethylene glycol and 
water is —44°C. This is the freezing 
point of a 50:50 mixture of glycol and 
water. 


For: extreme Arctic conditions a 
small amount of a glycol ether is some- 
times added to lower the freezing point 
even further. This can take the freezing 
point right down to — 68°C. 

Most water-cooled cars now on the 
road have radiators which their owners 
can fill and drain as they wish, but the 
modern trend is to have sealed cooling 
systems which only need refilling 
about every 2 years when the car goes 
for a major service. The radiator will 
be filled and sealed first of all at the 
factory, using a stronger solution than 
usual. The radiator is filled with a 
50:50 mixture of glycol and water to 
get lowest possible freezing point of 
—44°C. The cars will then be ready 
for use in any country. The inhibitors 
do present a problem, but research is 
being carried out to find inhibitors 
which remain effective for longer 
periods of time. With improved in- 
hibitors, there will be no need to 
change the antifreeze so frequently. 


As more and more of the glycol is added to water, its freezing point — ually drops. The 


coolant in the radiator can then be made to stay liquid well below 0 


C. This does not go 


on indefinitely. When too much glycol is added, the freezing point starts to rise again. 
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KVERY year, millions of pounds’ 
worth of crops are lost through 
disease. The study of these various ail- 
ments is, therefore, a very important 
branch of science and is called plant 
pathology. Plant diseases are almost as 
old as plants themselves, for clear signs 
of disease are shown in many ancient 
fossils. Cultivated plants, however, 
suffer far more than wild ones — 
largely because many plants of the 
same kind are grown closely together. 
In the wild, a plant is not always sur- 
rounded by others of the same kind and 
germs have less chance of spreading. 
Until a few centuries ago, it was 
firmly believed that diseases were due 
to the ‘wrath of the Gods’. This is still 
so in many primitive communities and 
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Dusting crops to prevent outbre 
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elaborate ceremonies are performed to 
‘please the Gods’. In the 17th century 
it was noticed that the weather seemed 
to affect the health of the crops. 
Mildews and other fungi were known 
to be associated with many diseased 
plants but it was believed that the fungi 
sprang up in the dying tissues. Not 
until the 19th century when Pasteur 
showed that living things could not 
arise from nothing, did people come to 
realize that the fungi actually caused 
the disease in many cases. 
Fungi Causing Diseases 

Fungi of one sort or another are the 
causes of the majority of plant diseases. 
Some diseases, such as the black- 
spotting of Sycamore leaves, do not 
appear to do much harm although 
every leaf may be affected. Others are 
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more serious. Potato Blight —the dis- 
ease that caused widespread famine in 
Europe (especially Ireland) in the 
1840’s — is a very serious disease and 
can rapidly destroy the whole plant. 
Rusts and smuts are important fungal 
diseases of cereals. ‘Damping off of 
seedlings is also caused by fungi, and 
results in collapse of the seedlings just 
above ground level. 

The fungus body consists of a mass of 
fine threads called hyphae (high-fee). 
These threads get into the plant 
through injuries, through the leaf 
pores or even through undamaged 
cuticles. The threads then divide and 
branch through the tissues of the host, 
absorbing food materials. Blemishes 
and discolorations appear on the plant 


and these are often the sites of spore 
production. Spores are tiny one-celled 
bodies which can float in the air and 
spread to other plants where they 
grow into new fungus threads. 

Many fungus diseases thrive best in 
damp conditions. Potato Blight is a 
good example and it is far more 
common in Ireland, where the climate 
is damper, than in Eastern England. 
The early idea that bad weather 
caused disease was not so far off the 
mark after all. 

Bacteria and Viruses 

As the investigation of plant diseases 
progressed, it was found that some 
diseases were not associated with fungi. 
It was suggested that bacteria might be 
involved. These tiny organisms were 
already known to produce disease in 
animals, although the majority are 
harmless — and often useful — organ- 
isms. Many rots of fruit and vegetables 
are now known to be caused by bac- 
teria. The organisms invade the tissues 
and break them down by enzyme 
action into a watery, smelly mess: 

Even after the discovery of bacterial 
disease, still other diseases appeared 
to have no associated germs. Pasteur 
suggested that there might be even 
smaller ‘germs’. He was right and 
these minute ‘germs’ are called viruses. 
Their existence was first demonstrated 
by a Russian scientist called Iwanow- 
sky in the 1890’s. He took some juice 


and spreads to the 
_ leaves. From there, 
"spores produced 
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from a tobacco plant suffering from a 
disease called mosaic. The juice was 
filtered through porcelain fine enough 
to remove even the smallest bacteria 
and was then smeared on a fresh 
tobacco plant. Mosaic appeared, 
showing that whatever causes the 
disease can pass through the finest 
filters. 

Since then, hundreds of viruses have 
been discovered. They cause serious 
diseases in both plants and animals. 
The virus bodies have been isolated 
and examined with electron micro- 
scopes. They are minute particles 
about 20 milli-microns across — 50 
thousand would not stretch across 
a pin-head — and appear to be halfway 
between living and non-living. They 
can be crystallized like chemical com- 
pounds, yet, when injected into a host, 
they multiply like bacteria. In plants, 
viruses frequently produce a mottling 
(mosaic) of the leaves or flowers. The 
food-making ability of the leaves is 
reduced and the plant often becomes 
spindly. There is a serious loss of yield. 


A leaf from a swede plant lacking mag- 
nestum and a normal leaf (right). 


Potatoes suffer from a number of 
serious virus diseases such as leaf- 
mosaic and leaf-roll. 
Other Causes of Disease 

A few diseases are caused by proto- 
zoans and by nematode worms that get 
into the tissues. Symptoms include 
galls and stunted growth. Some insects 
cause disease-like symptoms by in- 
jecting poisonous substances into the 
plant. The symptoms often resemble 
those of virus diseases but are not so 
persistent, and recovery is common. 

Physiological diseases are serious 
but easily remedied. They result from 
the lack of some food material — it may 
be a trace-element such as boron that 
is required in minute quantities, or it 
may be something like phosphate that 
is needed in larger amounts. Soil 
analysis soon gives the answer and 
addition of the missing element or 
elements cures the trouble. 
Transmission and Control of 
Plant Diseases 

It is rarely practical (or even pos- 


sible) to cure a diseased plant. Control 


is based on prevention. The golden rule 
for gardeners dealing with a diseased 


® plant is ‘dig it up and burn it’. Only 
% in this way can the germs be com- 


pletely destroyed. However, before 
the diseases can be controlled, it is 
necessary to know how they are trans- 
mitted from plant to plant. It is useless 
to treat the seed if infection is trans- 
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Sycamore leaf infected by Black Spot. This 


disease does no apparent harm. 


mitted by insects. Nor is there any use 
in controlling insects if the disease 
germs lurk in the soil from year to year. 
Many diseases, however, pass to other 
plants in more than one way. 

Soil-borne diseases — such as Club- 
root of cabbages and Wart Disease of 
potatoes — pass from plant to plant by 
means of spores resting in the soil. The 
spores are released into the soil and 
remain there, waiting for another 
crop to attack. Many of the soil-borne 
diseases — mainly caused by nema- 
todes, fungi and bacteria—can be 
avoided by rotating crops. The spores 
perish before a susceptible crop is 
returned to the land. Some fungi, how- 
ever, including those causing club- 
root and wart disease, have very long- 
lived spores and crop-rotation will not 
necessarily avoid these diseases. Some 
varieties of potato are immune to wart 
disease and these can be used safely 
where the disease is known to exist. 
Indeed it is an offence to plant non- 
immune varieties in such regions. 

A number of diseases are transmitted 
from one crop to the next by means of 
seed or other reproductive bodies (e.g. 
tubers). Fungus diseases are commonly 
transmitted in and on seeds. They can 
be avoided to some extent by treating 
the seed with fungicide (fungus-killer) 
before planting. The dangers of seed 
dressings and other crop protection 
chemicals are, however, becoming 
more and more apparent with the 
serious decline in wildlife. Virus dis- 
eases rarely pass on in the seed bu 
commonly do so in tubers, bulbs and 
cuttings. Potato viruses pass on in the 
tubers and, within a few years, the 
virus population may be so high as to 
make the plants useless. Fresh, virus- 
free tubers should be planted each 
year. The viruses are initially trans- 
mitted from plant to plant by variou 
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aphids (greenfly). These are absent or 
rare in cool regions and the disease is 
absent. Tubers from these regions 
(such as Scotland) are virus-free and 
are used as ‘seed’ in other regions. 
Although the plants may become in- 
fected during growth, they will pro- 
duce a reasonably good crop. Fresh, 
virus-free tubers must be obtained 
again for the following year, however. 

Even when clean, disease-free seed is 
planted in clean land, diseases can still 
be contracted. Air-borne spores from 
neighbouring crops can cause heavy 
infection. Potato blight and wheat rust 
are two major air-borne diseases, 
caused by fungi. The growing of 
resistant varieties helps to overcome 
disease. Keeping down weeds that 
might harbour the germs is important 
and the use of ‘clean’ seed is essential. 
If only a few seeds are infected, a 
disease can later spread from these 
plants to the whole field. When effec- 
tive fungus-killing compounds are 
known, they should be sprayed or 
dusted onto the plants to kill fungus 
spores before they are able to get into the 
plant. 

Of the insect-borne diseases, viruses 
are the most important. They are 
frequently carried by aphids that suck 
up sap. The viruses get into the saliva 
and are then injected into the next 
plant at the next meal. Usually only 
one or a few species of insect can trans- 
mit a particular virus and if the insect 
can be controlled, the virus disease will 
also be controlled. 


_ lwanowsky’s experiment showing the 

existence of viruses — small infective or- 
ganisms that can pass through the finest 
filters. 
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Streaked wallflower and Potato-leaf roll — 
two virus diseases that are transmitted by 
aphids that suck plant juices (below). 
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ATOMIC CHEMISTRY | 


There must be no confusion about the naming of chemical com- 
pounds. A particular name must apply to one compound only. 


These are all sodium salts. The acid radical acts as the ‘surname’ 
to distinguish between them. 


NAMING CHEMIGAL COMPOUNDS 


Both Freds think they have been asked a question. The surname will 
decide which one was really asked. 


"THE usual purpose of a name is to identify an article or 
material and to distinguish it from others. This is, 
of course, true with the names of chemical compounds, but 
the chemist also expects the name ofa substance to reveal its 
chemical composition. However, a number of substances 
which have been in common use for centuries are still 
known to many people by non-scientific names, though 
this practice is slowly dying out. Among the more common 
examples are caustic soda (sodium hydroxide), oil of vitriol 
(concentrated sulphuric acid) and quick-lime (calcium 
oxide). 

The naming of the majority of chemical compounds 
presents no real problem. There has, however, been some 
confusion over the names of the more complex organic 
compounds. At various times important national and inter- 
national bodies including the British Standards Institution 
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and the International Union of Chemistry have given this 
matter careful consideration and proposed new methods 
of naming compounds. So far as organic compounds are 
concerned, any new system should be applicable to all 
compounds from the simplest hydrocarbon (methane) to 
the most complex protein. 
Inorganic Compounds 

The majority of inorganic compounds are the metallic 
salts and these are named by suffixing the name of the acid 
radical to the name of the metal (e.g. sodium chloride). 
Matters are slightly more complicated with metals which 
have two valencies and form two series of salts. Here the 
two different metallic radicals are distinguished by giving 
them distinctive endings. For instance, mercury has 
valencies of one and two, the two series of salts being 
mercurous (valency one) and mercuric (valency two). The 
-ic ending is always given to the ion with the higher valency. 

The endings given to the negative (acid) radicals also 
give valuable information about the composition of the 
radical. A number of acid radicals contain oxygen in 
varying amounts, e.g. sulphite (SOs) and sulphate (SOx), 
and the ending gives an indication of the amount of oxygen 


Even this can be confusing. There are two 
compounds which would qualify for the 
name mercury chloride. 
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in the radical. There is more oxygen in the -ate radical 
than in the corresponding -zte one. There is another series 
of compounds — the sulphides — which sulphur forms with 
metals. These compounds do not contain oxygen — the 
ending -ide indicates no oxygen. 

Sulphur is not the only element to give rise to more than 
one series of acid radicals. Other elements which do this 
are chlorine, bromine, iodine, nitrogen, phosphorus and 
carbon, though some do not form three series. Nevertheless, 
the same meaning is attached to the endings — -ide means 
no oxygen, -ite a little oxygen while -ate indicates more 
oxygen. 

If an element forms more than one oxide, the different 
oxides are usually named according to the number of 
oxygen atoms in the molecule, e.g. lead monoxide (PbO) 
and lead dioxide (PbO,). 

Organic Compounds 

For a long time the system of naming organic compounds 
was similar to that used in inorganic chemistry. Organic 
compounds were regarded as being composed of hydro- 
carbon groups (methy, ethyl, phenyl) and active groups 


Cyanides and Isocyanides 


Hydrogen cyanide probably exists in two forms, which can 
be written as HCN and HNC respectively. These two forms 
give rise to two different sets of compounds, the cyanides and 
isocyanides with quite different properties. 

For example, methyl cyanide, CH;CN, is a volatile liquid 
with a sweetish smell and is soluble in water. Methyl isocyanide, 


CH,NC, on the other hand, is not nearly so soluble in water 
and has an intolerable smell. 
The cyanides are not to be confused with the cyanates. 
Potassium cyanide is written KCN, whilst potassium cyanate 
_ is written KCNO. The thiocyanates are formed by substituting 
a sulphur atom for the oxygen atom in the cyanate. Thus 
potassium thiocyanate is written KCNS. 
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(hydroxyl, carboxyl, amino). This system is quite satis- 
factory for the simpler compounds but is not so easy to apply 
to the more complex compounds. 

The system now recommended by most authorities 
regards all organic compounds as substituted hydrocarbons. 
This makes it rather more easy to indicate the position of 
the active group in the compound. However, it is unlikely 
that this system will be in general use for a number of 
years as so many people are accustomed to the older 
method. 

The first step in naming a compound by the new system 
is to select the longest straight chain of carbon atoms in the 
molecule. The carbon atoms in this chain are then num- 
bered from one end to the other. The number of carbon 
atoms in the chain determines the name of the basic 
hydrocarbon. The number of the particular carbon atom 
in the chain identifies the atom to which side chains or 
active groups are attached. 


Organic Ring Compounds 
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For instance, the isopentane molecule consists of a chain 
of four carbon atoms with one methyl group attached to the 
second carbon atom in the long chain. Butane is the straight 
chain hydrocarbon, with four carbon atoms in the chain, 
so isopentane is a substituted butane. As the methyl group 
is attached to the second (or third if connected from the 
other end) carbon atom in the chain, iso-pentane is re- 
named 2-methyl butane. 

A similar system is used in naming ring compounds ~— all 
such compounds are to be regarded as substituted cyclic 
hydrocarbons. Thus a benzene ring in which one hydrogen 
atom has been replaced by a chlorine atom is mono- 
chlorobenzene. (The older name for this compound is 
pheny! chloride). 

If more than one hydrogen atom in the ring has been 
replaced, the atoms to which the active groups are attached 
are identified by numbering the carbon atoms around the 
ring. For instance, there are three possible isomers with 
two chlorine atoms in the ring — 1-2, 1:3, and 1-4 dichloro- 
benzene. The former method of distinguishing between 
these three isomers was to name the three possible positions 
ortho-, meta- and para- respectively. 


APPLIED SCIENCE 


BUILT-IN FIRE DETECTORS 


FIRES always have small beginnings. 

If the fire is noticed quickly, there 
is a good chance that it can be ex- 
tinguished before very much damage is 
done. For this reason, many factories 
and ships have built-in fire detectors 
and extinguishing systems. The de- 
tector sounds the fire alarm. In auto- 
matic systems, it also turns on the fire 
extinguishers. Each fire detection 


system must be individually designed. 
The fire detectors are placed near the 
parts where the fire risk is greatest — 
for example, near parts of a machine 
liable to overheat or produce sparks, 
or near vats of inflammable liquids and 
gases. If a fire starts, the temperature 
around the detector rises quickly. 
One kind of detector is a hollow, 
black, flattened sphere, made of cop- 
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per. As it absorbs the heat from the 
fire, the air inside the sphere becomes 
hotter. The pressure of the gas in- 
creases. But the system leaks slightly, 
levelling out the pressure increase. So, 
if the rate of rise of temperature is 
small — it could be caused by changes 
in the weather or the heating system — 
no false alarm is sounded. The pressure 
leak is carefully adjusted so that it 
levels any pressure increase caused by a 
rate of temperature rise of less than 
10°C. per minute. If there is a quicker 
re_rise, the pressure in- 
ickly for the leak to 
Theincreased pressure 
pag ugh efipperatube 
diayphira Cit, it 
blows open.!The diaphragm move- 
ment operatés an electric switch, 
which is used to sound the alarm. The 
electric switch may also start a fire 
pump motor, or stop blower fans 
which might tend to spread the fire. 


to a_ sensitive 


> CIRCUIT Is 
<. ‘SHORTED’ 


Water should not be used to put out 
fires in electrical circuits. It can conduct 
electricity, and damage components. 


This fire detector responds to a high rate of rise of temperature. The pressure inside the 
flattened sphere is transmitted, through tubes, to a ‘trip’. If the temperature rise is high 
enough, the weight drops, and the extinguishers are turned on. 
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Water spreads the flames of an oil fire. Carbon dioxide suffocates the fire, and does not 
spread tt. 


CARBON 
DIOXIDE 


Carbon dioxide smothers the fire, and 
leaves no mess behind it. It is an 
electrical insulator, so can be used to 
put out fires in electrical circuits. 
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FUSIBLE LINK 
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Once the fire signal is in the form of an 
electrical impulse, any piece of elec- 
trical equipment can be switched on or 
off. 

The diaphragm movement can also 
be connected, through a system of 
levers, to a device called a ‘trip.’ When 
the diaphragm moves, a weight hang- 
ing in the ‘trip’ drops. Valves are 
opened, turning on the fire ex- 
tinguishers. 

Fire detectors, which work when 
the rate of temperature rise is high, can 
be used over a very wide range of 
normal working temperatures. A dif- 


Magnesium burns in carbon 
dioxide, liberating carbon. 
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This extinguishing system is designed to 
protect a particular danger-spot —a paint 
store or an ink store in a factory. When the 
temperature rises high enough, the quartz 
bulb shatters, weights drop, valves open, 
and the fire is smothered by carbon dioxide. 


ferent kind of detector operates at one 
fixed temperature. If the normal tem- 
perature is about 20°C. the detector is 
set to operate at about 68°C. It consists 
of a quartz bulb which shatters at 
higher temperatures. A wire running 
to the bulb is kept under tension by 
hanging a weight of 150 pounds from 


So carbon dioxide should 
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MAGNESIUM OXIDE 


MAGNESIUM S eS 
se mE ce 
Oo + = + @ 
a Ge CARBON 


CARBON 
DIOXIDE 


TO PRESSURE 
SWITCH 


WEIGHT 
RELEASED 
BY TRIP 


CARBON 
DIOXIDE 
CYLINDER 


the other end. When the bulb shatters, 
the wire is suddenly released, and it 
automatically turns on the ex- 
tinguishers and the alarm. 
Smoke Detectors 

In many kinds of fire, smoke appears 
before flame. Fires in electronic cir- 
cuits start when wires become over- 
heated, and the wire-covering starts to 
burn and smoke. The first sign of fire 
in a ship’s hold is often smoke, as the 
cargo begins to smoulder. Samples of 
air from the places where fire is likely 
to occur are taken continuously. The 


Crankcase explosions 


Explosions occasionally occur in the 
crankcases of ship’s =ngines. When part 
of the engine becomes overheated oil 
drops become vapourized near the ‘hot 
spot’ and then condense into a fine 
white mist as they are carried away to 
a cooler part of the engine. This mist 
ignites readily, and it can cause a 
serious explosion. 

The mist can be detected by using the 
same sort of arrangement used for 
detecting smoke. Samples of gas from 
the crankcase are passed through a 
beam of light. Changes in the light in- 
tensity, the result of oil mist in the 
gas, are picked up by photoelectric 
cells, and the alarm is sounded. 
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sample passes through a beam of light 
from a projector. 

Smoke in the air sample reduces the 
amount of light transmitted in the 
beam. The slight change is picked up 
by sensitive photoelectric cells, which 
send off an electrical impulse to 
operate the alarm. 

Extinguishing the fire 

The wrong extinguishers can do 
more harm than good. Water is cheap 
and readily available. It is excellent 
for extinguishing paper, wood or 
cloth fires, as it saturates the materials 
and prevents their reignition. Water is 
used in automatic ‘sprinkler’ systems, 
but it is messy to clear up afterwards. 

Water should never be used to put 
out burning petrol, oil or paint, be- 
cause it spreads the fire. Water is a 
danger when it is used near electric 
motors, transformers or computors, 
because it can conduct electricity. 

Small portable fire extinguishers 
contain several alternatives to water. 
Carbon dioxide, carbon tetrachloride 
and methyl bromide are common 
fillings. Of these, carbon dioxide is the 
most suitable for large scale, auto- 
matic fire extinguishers. It puts out 
the fires water cannot tackle — in- 


Thermocouple detectors 

This kind of detector is used when 
the rate of rise of temperature pay be 
very small indeed —it is particularly 
sensitive. A thermocouple is basically 
two pieces of different metals joined 
at both ends. If one of the joints is 
hotter than the other joint, an elec- 
trical current flows around the circuit. 
If the rate of rise of temperature is 
sufficiently high, the current operates 
an electromagnetic switch. 


flammable liquids and gases, and fires 
in electrical circuits. In addition, car- 
bon dioxide is not poisonous and leaves 
no mess. Although it is stored in 
cylinders as a liquid, carbon dioxide 
rapidly evaporates‘and disperses, leav- 
ing no trace behind it. 

The liquified carbon dioxide is 
stored under pressure. When the open- 
ing valve is released (i.e. when the 
weight on the ‘trip’ drops) the carbon 
dioxide remains in the form of liquid 
right up to the nozzle. Then it expands 
to about 450 times its original volume. 
A sudden cooling takes place, and the 
carbon dioxide is released as a mixture 
of frozen carbon dioxide ‘snow’ and 
gas. 

Carbon dioxide snow turns into car- 
bon dioxide gas without passing 
through the liquid state. No liquid is 
produced, so there is no ‘wetting’. The 
electrical conductivity of carbon di- 
oxide is only a sixth of the electrical 
conductivity of air, so there is no 
danger of its shorting live electrical 
terminals. 

If a fire is surrounded by enough 
carbon dioxide, the amount of oxygen 
around is reduced to a point where fire 
can no longer exist — the fire is suf- 
focated. But some chemicals liberate 
oxygen while they are burning. Car- 
bon dioxide should not then be used 


Ultrasonic detectors 


Ifa fire starts, the temperature of the 
surrounding air rises, and the air starts 
to move in convection currents. An 
increase in air movement is a sign that 
a fire is starting. In some specialized 
applications (in warehouses or store- 
rooms where no-one is moving about 
and the air is normally still) the space 
protected from fire can be filled with 
ultrasonic waves — waves, like sound 
waves, but of too high a frequency to 
be audible. An oscillator in the 
‘speaker’ beams out the waves, and 
they are picked up by a receiver. The 
pitch, or frequency of the sound 
changes if there is any air movement in 
the space —this is the Déppler effect. 
Frequency changes are detected and 
used to trigger the alarm. A similar 
kind of detector can be used as a 
burglar alarm. 


to put out the fire because the fire will 
still be surrounded by a rich enough 
supply of oxygen to keep the fire 
burning. 

The best way of protecting a 
machine with a carbon dioxide system 
is to arrange for the machine room to 
be totally flooded with carbon dioxide 
if fire breaks out. The carbon dioxide 
comes out of nozzles placed around the 
room, but, since the whole space is to 
be flooded, the nozzles need not be 
strategically placed near the most 
likely sources of fire. The machinery 
can be moved or modified without re- 
designing the built-in fire extinguish- 
ing system. 

Total flooding may be uneconomical 
when the machinery space is large. 
The nozzles should then be directed at 
the places most likely to catch fire. 
They are bowl-shaped to slow down 
the escaping gas. If a large amount of 
gas is released at great speed, it fans 
the flames and spreads the fire. 


1799 


| MATHEMATICS | 


CONGRUENCY 


2 TRIANGLES ARE 
3 vere Fea A CONGRUENT, IF THEIR 
TRIA! SIDES ARE EQUAL 


SD 


P| A 


/ | 

7 \ 
VA —— 
si 

| 


(2) OR 
RE EQUAL 


SIN 
A SIDE THESE T 
a RIANGLES — THEY ARE er 


2 2 ANGLES AND AND 
A SIDE SPECIFY A 
TRIANGLE 


ANGLES ARE MEASURED 


THIS DISTANCE KNOWN 


Congruent and Similar Triangles 


"TRIANGLES that will fit snugly into the same mould 

must be identical in shape and size. Identical triangles 
are given the name congruent. If the longest side of one of a 
pair of congruent triangles is a foot long. then the longest 
side of the other triangle must be exactly the same length. 
An angle of 30° in one triangle means an angle of 30° in 
the other. Any measurements will match up exactly if the 
triangles are congruent. 

This can be very useful, for it can provide a way of 
calculating certain lengths and angles that cannot be 
measured directly. 

Deciding by guess work that two triangles look identical 
and working on from there is no use at all. Before any 
calculations can be made, there must be real proof that 
they are identical. To prove congruency, at least three sets 
of corresponding measurements must be known. The tests 
for congruency are :— 


SIMILARITY 
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SIMILAR 
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If the three sides of one triangle are equal in length to 
the three sides of the other. (3 sides). 

If both triangles have an identical pair of angles and an 
identical side. (2 angles and side). 

If both triangles have two neighbouring sides the same 
length and identical angles between them (2 sides and the 
included angle). 

Two right-angled triangles will be congruent if the 
longest side (hypotenuse) and any other side can be 
proved to match exactly (right-angle, hypotenuse and side). 

Two triangles may seem to have the same shape, but 
different sizes. They are not identical and therefore cannot 
be congruent. If their angles match up completely they 
will be similar triangles. One triangle is simply a larger 
version of the other. Survevors use pairs of similar triangles 
in their calculations of distances, and astronomers use 
them to calculate the distance between stars and planets. 
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THE AMBIGUOUS CASE - if in two i belch there are | 
two sides equal and any angle then the two different tri- 
angles above can be drawn from this information. The 
“ le must be between: the — oe to prevent this 
ambiguity. Reiss 
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THE RATIOS OF THE LENGTH OF THE 
SIDES ARE EQUAL 


ee THE LINES ARE 
JOINED 


DRAWN FROM ONE ys 
END et NE DRAWN 
» Te PARALLEL 
= 


BOTTOM LINE IS 
DIVIDED IN 7:3 


 Dividin a line of awkward length in the ratio 733. A 10” 
line is drawn. From 10" and 7” parallel lines are drawn 

: down to the bottom line. Similar triangles show thatthe 
bottom line is now divided in the ratio 7:3. 


~ When two triangles are similar it means that the ratios 
of their sides are equal — because they are exactly the 
_ same shape. | ; 
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| BIOLOGY | 


WHY ANIMALS 


BECOME EXTINCT 


AT 5 o'clock on the evening of Sep- 
tember Ist, 1914, the American 
Passenger Pigeon became extinct. The 
last representative of this species, a hen 
bird called Martha, died in a zoo- 
logical garden in Cincinnati. 
The Passenger Pigeon is rather an 
exceptional case in that the exac 


The reasons for past extinctions are never 
certain. Perhaps the rise of the fish caused 
the graptolites to decline. The ammonites’ 
extinction will always be a mystery. 


moment of its extinction was witnessed 
and recorded. But extinction itself is 
not exceptional. During Man’s re- 
corded history more than 100 species 
of mammal alone have disappeared 
and over 40 species of bird. At the 
present time the populations of many 
other species of animal are dangerously 
small. 

Nor are extinctions confined to 
recent times. The fossil record of past 
life is full of examples. Fossilized relics 
of certain animals may be abundant 
throughout great thicknesses of rock. 
Then, suddenly, they disappear. In 
later sediments no traces are to be 
found. The creatures had vanished 
from the face of the Earth. 

Sometimes, past extinctions have 
taken place on an enormous scale. 
An instance is the complete dis- 
appearance of dinosaurs and other, 
great reptiles about 70 million yea 
ago. Cuvier, a French biologist and 
geologist, considered the world had 
simply been flooded on a number of 


1802 


successive occasions. Each deluge, he 
believed, completely destroyed old 
types of life and in their place new 
types were created. The Theory of 
Evolution put forward in 1859 has 
thrown more light on the problem. 
Extinction and Evolution 
According to the Theory of Evolu- 
tion those species well adapted to their 
surroundings will survive and repro- 
duce. The species that are not so well 
adapted stand less chance of survival — 
there is, in fact, a strong possibility that 
they will become extinct. But many 
species which have become extinct, 
had previously been successful for a 
very long period. Why should they 
then suddenly disappear ? Why should 
they suddenly no longer be adapted to 


their surroundings ? 

The answer is that the surroundings 
change and the animals disappear be- 
cause they are unable to re-adapt 
themselves to the change. Perhaps the 
climate alters; this would of course 
bring about a change in the vegetation. 
Perhaps another species of animal 
appears on the scene better adapted 
to survive under the same conditions. 
Extinction in the Past 

Interest in past extinctions has been 
concentrated on two major episodes. 
The first took place some 200 million 
years ago at the close of the Permian 
period. Enormous numbers of marine 
species — molluscs, brachiopods, corals 
and echinoderms — are unknown in 
the succeeding Trias rocks. The most 


E FOR INVADING PLACENTAL MAMMALS 
IG OF PLIOCENE TIMES 
(10 MILLION YEARS AGO) 


THYLACOSMILUS — A SABRE-TOOTHED 
MARSUPIAL 


MAMMALS - UNTIL 
PLACENTAL MAMMALS 
WERE ABLE 

TO INVADE 


JOTOCYNUS 


In early Tertiary times, 60 million years 
ago, South America was cut off from North 
America. Inside this great continent, mar- 
supial (pouched) mammals flourished. The 
re-establishment of a land bridge 10 million 
years ago enabled the placental mammals 
that had evolved in North America, to 
invade. In the face of this competition most 
South American marsupials have. become 
extinct. 


P Stic peacocks as 
mates. Brilliant but cumbersome tails are 
inherited by offspring. But a change in the 
environment, and the tails could become a 
disadvantage. Perhaps the antlers of the 
Giant Elk suddenly became such a disad- 
vantage. 


likely explanation seems a change in 
the level of the sea on a world-wide 
scale. The sea is known to have 
generally retreated at this time. The 
coastal shelves would have become 
dry land and this is thought to have 
severely limited the areas in which 
shallow-water, sea-dwelling animals 
could live. Competition for the avail- 
able space would be extremely high 
and as a result many species would 
perish. 

Even more interest has been shown 
in the mass extinctions at the end of the 
Mesozoic era, 70 million years ago. 
Great land and sea-dwelling reptiles 
died out. So too did a highly successful 
group of molluscs called the ammonites. 
They had swarmed in the seas for 
millions of years. The disappearances 


were not abrupt. They followed a 
gradual decline which took place over 


“a several million years. 


All sorts of environmental changes 


ay have been put forward to account for 
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this decline — increased cosmic radia- 
tion, increased temperatures, change 
of vegetation, bacterial attack. In the 


ee Pel case of the land reptiles, some consider 


that increased competition from the 
mammals was important, though it is 
known that mammals did not flourish 
until millions of years later. There 
seems no simple explanation. More 
likely, there was a combination of 
many factors. 

Man as a Cause of Extinction 

Undoubtedly the increasing in- 
fluence of Man over the past few 
thousand years has played a large part 
in exterminating many creatures. The 
Great Auk, for instance, a_ large 
flightless bird that lived on islands in 
the North Atlantic, was destroyed for 
food by passing sailors. The last Great 
Auk is believed to have been killed in 
1844. The extinction of Stellar’s sea 
cow, the whale-like mammal, that 
formerly inhabited islands in the Bering 
Sea, is another example of ruthless 
destruction. This slow-moving, de- 
fenceless creature was rich in oil and 
about a 100 years after its discovery, in 
1741, it was exterminated. 

Man has contributed to the downfall 
of many forms of life by claiming more 
and more land for his personal use. 
Wild creatures have been pushed into 
smaller and smaller areas, and because 
of increased competition for food and 


The Auroch was an enormous ox. It lived in Europe, Asia and Africa. Ruthless hunting by 
Man caused its final destruction in 1627. Only fossil bones and drinking cups made from 
its horns survive. Though the Auroch is extinct it has left behind very important descendants — 
today’s breeds of domestic cattle. 


THE AUROCH 

STOOD MORE THAN 
6 FEET AT THE 
SHOULDER 


GIANT PANDA i 

-IT LIVES IN THE FORESTS I >. 
OF SOUTH-WEST CHINA PA 
AND EASTERN TIBI 


Ti ake ae 
(a — 


The Giant Panda feeds preeie gitsealy on 
bamboo shoots. A shortage of its staple food 
and the Panda would be in difficulties. The 
Australian Koala bear feeding only on 
eucalyptus leaves faces a similar problem. 


space, less successful species have dis- 
appeared. On a smaller scale, the 
destruction of roadside verges and 
hedgerows has severely limited the 
natural homes of numerous insects and 
flowers. 

But the changes of environment 
have not been disastrous to all life. 
Some forms have been able to adapt 
themselves to new man-made sur- 
roundings. Starlings, pigeons and 
sparrows are highly successful town 
and city dwellers and sea-gulls in- 
creasingly have come to inshore towns 
when weather is bad or food scarce. 

Particularly successful mammals are 
rodents such as mice and rats. Scraps 
of food have always been plentiful in 
Man’s vicinity. The concentrated 
growing of crops in place of forests 
greatly benefited such creatures as the 
rabbit, and their numbers increased 
remarkably. In recent years, due to 
disease caused by bacterial attack, the 
rabbits have themselves been brought 
near to extinction. This example 
illustrates just how suddenly an outside 
influence can change the position of a 
well-established animal. 
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PROPERTIES OF MATTER 


With this apparatus — called the ultramicroscope because it shows particles smaller 
than the wavelength of light — the Brownian motions of smoke particles in air can be 
observed. Light is passed through the smoke from side to side and light scattered by 


the particles is seen in the microscope. Avogadros number may be calculated from 
the displacements of the particle. 


LONG EXPOSURE 
SNAPSHOT OF THE 

TRACK OF A SINGLE SMOKE 
PARTICLE 
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IN THIS PICTURE 

AN AIR MOLECULE 

HAS JUST COLLIDED 
WITH A SMOKE PARTICLE 
AND. KNOCKED IT ASIDE 


SMOKE 
PARTICLE 


AIR MOLECULES 
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HE molecules of carbon which 
make up the print on this page 
are dancing about at high speeds and 
are being spattered on by a continuous 
rain of hard little elastic spheres of 
different weights and sizes. These are 
the air molecules which are hurling 
themselves at the carbon molecules 
from all directions at an average speed 
of about 500 metres per sec. — the 
speed of a rifle bullet. This is the 
picture of events according to the 
kinetic theory of gases. It is a statistical 
theory that depends on averaging out 
the probable effect of a large number 
of individual molecules and succeeds 
in explaining the behaviour of gases. 
The phenomenon of Brownian move- 
ments is a practical demonstration of 
the ideas of the kinetic theory. 

The kinetic theory says that mole- 
cules are hard, perfectly elastic little 
spheres, much like steel ball-bearings — 
only these are not perfectly elastic. 
There are about 26,000,000,000,000,- 
000,000 to a cubic centimetre of air. 
These molecules are moving around 
rapidly and chaotically and _ their 
energy of motion or kinetic energy is 
proportional to what a thermometer 
measures as the temperature of the gas. 
The gas molecules communicate their 
energy to the molecules of mercury in 
the thermometer and the _ higher 
energy mercury molecules then take 
up more space. Gases are ‘heated’ up 
by bringing a bunch of faster moving 
molecules — (i.e. a gas at a higher 
temperature) and letting them loose 
among the more sluggish ones. The 
sluggish molecules are speeded up 
when they are bombarded by fast 
moving ones. In doing so the fast 
moving molecules are slowed down a 
little, and the average kinetic energy of 
the two gases becomes the same, i.e. 
they come to be at the same ‘tempera- 
ture,’ somewhere between the two 
temperatures. 

When one of the molecular bullets 
hits the wall of a container it exerts a 
force on the wall — exactly as a ball 
thrown at an open door exerts a force 
and will slightly move it. All the re- 
bounds of the molecules add together 
and make up the pressure of the gas. If 
the volume of the vessel containing the 
gas is halved the number of impacts 
per second will be doubled, so the 


LAMP PROJECTS SPOT 
OF LIGHT ONTO MIRROR 


_--- Brownian motion and the 
— “OPTICAL LEVER PRINCIPLE sensitivity of instruments 
SUSPENDED MAGNIFIES MOTION OF MIRROR 

MIRROR IS HIT } ON FILM 

BY AIR MOLECULE 


AND SHOWS JER' 
BROWNIAN MOVE! 
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The presence of Brownian move- 
ments sets an upper limit to the 
sensitivity of a chemical balance. The 
most sensitive balance that has been 
made only weighs to the accuracy of 
10° gm. But even if it were possible to 


never weigh less than 10°° gm. be- 
cause a balance which could detect 
such a small weight would also be 
moved by the impacts of the molecules, 
so that the pointer would not stay 
fixed at zero. The same situation applies 
to suspended mirrors in sensitive 
electrical instruments such as the 
mirror in a _ galvanometer. The 
materials of electronic circuits also 
show Brownian movements. This gives 
a very faint series of random electrical 
signals in the background of every 


pressure will also double. This is the 
explanation of Boyles law which states 
that pressure x volume is constant. 

If no heat was lost to the outside, 
the motions of all the molecules would 
continue because they are perfectly 
elastic and they do not lose any energy 
by collision. Ball bearings or billiard 
balls set flying about on a billiard 
table quickly lose their energy because 
of friction and also because they are 
not nearly elastic enough to keep 
going. 

Though at any instant the speeds, 
and consequently the energies, of the 
molecules will be different, their 
average energies taken over a period of 
time must be the same. This is called 
the ‘Equipartition of Energy’. No 
single molecule could retain a large 
amount of energy for any length of 
time as it would suffer too many 
collisions. Since kinetic energy equals 
4mass x (velocity) heavier molecules 
with equal energies must have slower 
speeds since they have a larger mass. 
A small particle such as a smoke 
particle floating about in the gas will 
be bombarded in every direction by 
the molecular bullets. This particle 
will behave exactly as if it was a very 
large molecule. It will move around 
just like the other molecules. Its energy 
will be neither less than, nor greater 
than the energy of the molecules 
around it, but will be equal to their 
average kinetic energy in accordance 


Two ball-bearings colliding. The molecules 
of gases are continually colliding like this, 
but without loss of energy. 


BALL BEARINGS DO NOT 

COLLIDE PERFECTLY ELASTICALLY 
AND A SMALL AMOUNT OF ENERGY 
IS LOST AS HEAT 


make a more sensitive balance it could 


with the Equipartition of Energy. The 
molecules are light and move very fast. 
The particle is heavy, so in order to 
have the same average kinetic energy 
it must move relatively slowly. Its 
motion is a slow moving version of the 
molecular world. Its speed is much 
slower because it is much heavier. 

The movements of particles like this 
surrounded by rapidly moving mole- 
cules in gases or liquids are called 
Brownian Movements. 

In 1829 a Scottish botanist called 
Brown noticed tiny pollen grains in 
water moving around in a completely 
disordered fashion, tracing out a path 
like a ‘drunkard’s walk’. He was very 
surprised and thought that here might 
be the basis of life. But tiny pieces of 
mica in water sealed up in rocks for 
millions of years also behaved similarly 
— these could hardly be alive, so the 
idea was dropped. It took a long time 
—about 50 years—for scientists to 
realize the origin of the Brownian 
movements and to be convinced that 
they showed the ideas of the kinetic 
theory and the reality of molecules. 

In 1905 Albert Einstein worked out 
the theory of Brownian motion and 
Avogadro’s number, which is a 
measure of the actual number of mole- 
cules present in a gram-molecule of a 
substance, was determined from 
Brownian motion. 


Tiny inclusions in the protoplasm of a plant 
cell are seen in continuous motion under the 
microscope. 


AGITATED 
PARTICLES 


circuit. 


Brownian motions occur in liquids 
and gases because of the random 
motion of the molecules. In gases, 
Brownian motions are best observed 
by illuminating from the side under a 
microscope a shallow box containing 
smoke. A dark background is put 
behind the box. The illuminated 


THIS DISTRIBUTION OF 
~~SUSPENDED PARTIC! ¢S 


IS OFTEN SEEN JN 
AQUARIUM OR 


Soren 


Brownian motions of fine particles in a 
liquid prevents them lying calmly on the 
bottom. 


smoke particles seen as bright spots of 
light execute a zig-zag walk against 
the dark background. The smoke 
particles have smaller diameters than 
the wavelength of light but they can 
easily be seen as they scatter the light 
into a diffraction halo. 

There are two sorts of Brownian 
motions of the smoke particles. The 
more easily observed movement is that 
in which the particles are knocked 
from place to place. There is a second 
type of motion more difficult to ob- 
serve, in which large particles, which 
have some mark on them, are found 
to be turned through different angles 
by the impact of the molecules. This is 
called Rotational Brownian Motion. 
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PHOTOGRAPHY | 


Outlines of Photography 
-THE CAMERA 


HEN we look at an object our eyes 
receive light reflected from the 
object. Our nervous system acts on the 
signals received and reconstitutes the 
picture. In photography, light rays 
from an object are made to fall on light 
sensitive material which is then treated 
to make the image visible and per- 
manent. This is the basis of photo- 
graphy whether the camera costs one 


A simple pin-hole camera produces a sharp 
image only uf the hole 1s very small. 


pound or one hundred pounds. 

A camera is basically a light proof 
box in which the sensitive material 
(film) is kept. The box has an opening 
through which light can reach the 
film when required. Although it is 
possible to take a picture with a pin- 
hole camera, a long period of exposure 
is necessary because the tiny hole lets 
through only a small amount of light. 
All practical cameras have a larger 
opening (aperture) which allows much 
more light through, and _ therefore 
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needs a shorter exposure time. There 
is also a lens (or series of lenses) which 
focuses the light through the aperture 
and on to the film. 
The Box Camera 

This is the simplest form of camera 
on the market. The cheapest consist 
merely of a box with a lens, a simple 
shutter to expose the film, a view- 
finder and something to wind the film 
on. Nevertheless, as long as the lens is 
of reasonable quality, these cameras 
can give good photographs. The size 
of the aperture is fixed and so is the 
time for which the shutter opens. This 
means that, for a normal, medium 
speed film, the camera will work well 
only under certain conditions — usually 
a bright sunny day. On a dull day, not 
enough light will enter the camera 
during the time that the shutter is 
open to expose the film properly. 

The position of the lens in a simple 
box camera is fixed and it cannot be 
adjusted to focus on nearby objects. 
As a rule it will give a good image 
only of objects more than about six 
feet away. Because there are no ad- 
justments to be made, the simple box 
camera is ideal for children and for 
people who take only the occasional 
holiday snap. As long as the light con- 
ditions are right for the film used there 


<< 


Using the plate camera. Before the film is inserted, the p 
grapher focuses the image on the ground glass screen. Then the film 
1s put in in tts holder (1). The dark slide is removed (2) and the 
shutter opened. The dark slide is then replaced (3) and the film 


holder removed ( 4). 


The Kodak Vecta, a simple box camera with 
no lens, aperture or shutter adjustments. The 
film is carried across the back and is ex- 
posed when the slit in the shutter (right) 
passes across the aperture. The springs and 
other levers couple the shutter to the film 
winder and prevent double exposure. 


is no reason why good photographs 
should not result. 

Box-cameras take roll-films of vari- 
ous sizes. As the film is exposed in the 
camera it is gradually wound from one 
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reel on to another and then removed 
for processing. Not all cameras expose 
the same amount of film at one go. 
From a given roll, one camera may 
give sixteen small snaps, another 
twelve and another eight larger ones. 
Advances on the Simple 
Box Camera 

The extra cost of the more expensive 
cameras is taken up to some extent 
by better quality lenses, but also by 
the various adjusting mechanisms 
which allow the cameras to be used 
under more varied conditions. The 
simplest adjustment is one of focusing. 
On a folding camera this may be done 
by sliding the bellows in and out and 
altering the distance between lens and 


—— 


film. This method is now uncommon 
and a more usual method is to mount 
the lens in a screw thread. By screwing 
the lens in and out, it is possible to 
bring objects at various distances into 
sharp focus on the film. 

A film will give a good picture only 
if it is correctly exposed —i.e. if the 
correct amount of light falls on it. This 
is why a simple box camera with an 
ordinary medium speed film can be 
used only in bright light. A camera 
with an adjustable aperture and/or 


shutter can be used in poorer light 
conditions, however, with the same 
film. By increasing the size of the 
aperture or the time for which the 
shutter stays open, more light can be 
made to fall on the film. The amount 
of light falling on the film depends 
upon the size of the aperture and the 
time for which the shutter opens. 

Apart from the simple shutter of 
the box-camera, there are two main 
types of shutter mechanism. The 
diaphragm shutter, which works close to 
the lens, consists of anumber of blades. 
They open when the release is pressed 
and are closed by the tension in a 
number of springs. 

The other shutter type is the focal 
plane shutter, which works very close 
to the film. A blind with a variable 
slit in it runs quickly across the film 
and lets in the required amount of 


light. Each part of the film is exposed 
equally in turn. 

Other refinements on the more ex- 
pensive cameras include coupled ex- 


posure-meters, rangefinders, flash 
equipment, counters to indicate the 
number of exposures used or remain- 
ing, and delayed action mechanisms 
which enable the photographer to 
press the button and get into the group 
before the shutter opens. All of these 
refinements help to avoid failures or to 
take special pictures but none is 
essential. 

View-finding with the cheaper 
cameras is sometimes a problem. The 
tiny view-finders do not give a clear 
picture and do not usually ‘see’ exactly 
what the lens ‘sees’. This is because 
they ‘see’ it from a different position. 
This is the problem of parallax. The 
introduction of the ‘bright-line’ view- 
finder made things a little easier but 
the problem of parallax still remains 
when a view-finder is used. 

For composing a picture, the camera 
with a ground-glass screen has few 
equals. The plate-camera takes pic- 


A reflex camera showing how the viewing 
lens throws a picture on the ground glass 
screen via a mirror. The taking lens throws 
the image on to the film when the shutter is 
opened. 
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The parallax problem. The simplified ray 
diagram shows how the view-finder ‘sees’ a 
slightly different picture and why, although 
complete in the view-finder, the subject may 
‘lose his head on the film. 


tures on glass plates or pieces of cut 
film, say five inches by four. The large 
negative is of good definition and 
quality and makes this type of camera 
ideal for studio and technical work. It 
is also largely used for press work. The 
photographer can first compose his 
picture on a ground glass screen at the 
back. He opens the shutter and the 


light throws an image on the back of 


the camera. Under his dark cloth, the 
photographer can clearly see the 
image and he adjusts the focus and 
aperture until the image is sharp. He 
then closes the shutter and sets it for 
the required speed of opening. The 
film is inserted in its plate holder and 
its dark-slide is then withdrawn. When 
the shutter is opened the film re- 
ceives an image exactly as the photo- 
grapher saw on his screen. Before 
withdrawing the plate holder the 
photographer replaces the dark-slide 
to cover the exposed film. 

Press photographers rarely have 
time to use the screen, and press 
cameras are fitted with view-finders 
for rapid work. 

The Reflex Camera 

The plate-camera is excellent for 
studio work but is rather cumbersome. 
The big advantage of the ground glass 
screen is retained in the reflex camera 
but the screen is at the top. A mirror 
reflects light from the lens on to the 
screen. There are two models — the 
twin-lens and single-lens reflex — both 
of which have their champions. 

The twin-lens reflex, as its name 
suggests, has two lenses. One focuses 
light on the film when the shutter is 
open, the other transmits the image 
to the focusing screen. The two lenses 
are close together but even then they 
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do not ‘see’ exactly the same picture. 
This parallax error is corrected in 
the more expensive models, however. 
The two lenses are focused together 
but, because the finding lens has a 
fixed aperture, it does not indicate the 
correct depth of field. 

The single lens reflex has only the 
one lens system and this focuses the 
light on the screen via a mirror. The 
advantage of the single lens reflex is 
that the photographer sees on the 
screen exactly what goes on to the film. 
The single-lens reflex system is the 
best of all view-finding arrangements 
for the depth of field is clearly seen 
before taking the picture. When an 
object say ten feet away is brought 
into focus on the screen, one can also 


A Pentax single lens reflex 
camera showing how light coming 
through the lens is reflected via a 
mirror and pentaprism to the 
view-finder. The mirror hinges 
up when the shutter 1s fired and 
light falls on the film. 
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see whether or not objects at five and 
twenty feet are in focus. However, 
there is a slight delay while the 
mirror flicks up when the shutter 
release is fired and this can be a 
disadvantage with moving objects. 

Reflex cameras are normally used at 
about waist level. looking down on to 
the screen. They can, however, be 
fitted with prisms that reflect the 
image to an eye-level view-finder. 
The cameras can then be used at eye- 
level. This is especially so with the 
so-called miniature cameras. Minia- 
tures are not necessarily smaller than 
roll-film cameras but they use 35 mm 
cine film to produce a number of small 
pictures. They may be negatives or 
colour transparencies but have to be 
enlarged or projected to be of any 
great value. 

The simplest miniature cameras 
usually have some focusing and aper- 
ture control, but as with the roll-film 
cameras, there are many extras avail- 
able on the more expensive models. 

There is a camera suited for every 


job—for portrait work, for quick- 


action sports shots, for holiday snaps, 
the lot. The one big thing to remember 
is that there is no such thing as a 
‘perfect camera’ — no camera can do 
everything well. 


POSITION OF GROUND GLASS 
SCREEN IF USED WITHOUT 


FOCAL PLANE 
SHUTTER BLIND 


though it was frozen solid. The water has 
evaporated off without the ice melting. It has 
frozen and dried — freeze dried. 


SES 
The washing on the line has dried even 


ACCELERATED | 
FREEZE DRYING 


"THE mushrooms and chicken in a 
packet of powdered soup look 
shrivelled and dried up and feel 
extremely light. This is because they 
have been treated in an accelerated 
freeze drier to prevent them from 
going bad. Nearly all the water has 
been taken out of the food and, as 
food consists largely of water together 
with a small percentage of proteins, 
carbohydrates, etc., only a fraction 
of the original weight is left. The 
chicken and mushrooms are first of 
all deep-frozen and then the water is 
removed in a vacuum compartment. 
Accelerated freeze drying is by no 
means confined to chicken and mush- 
rooms. Almost any food can be pre- 
served this way, It is possible to buy 
packets of freeze-dried beans, prawns 
and even instant dinners. 

Some beef and vegetable stew that 
has been dehydrated after cooking 
will lose five-sixths of its weight, but 
will regain this when it is soaked in 
water again. Until it comes in contact 
with water it will not go bad. 

Bacteria are largely responsible for 
the deterioration of food. They live 
on the food and multiply, causing its 
decay. It is almost impossible to keep 
fresh food from becoming contamin- 


ated by them. But the bacteria can 
remain active only where there is 
water. Remove the water and the 
nuisance is removed. Although the 
scientific reason was not known, the 
drying of food to preserve it has been 
practised for thousands of years. Fish 
are split and hung up in the wind to 
dry; so are strips of meat. 


Other uses for freeze drying 


Freeze drying is by no means confined 
to food storage although this is cer- 
tainly its largest use. 

Smaller freeze driers are used in 
hospitals and research establishments. 
At one time, human bone and skin for 
grafting could not be stored. After 
even small periods of time they de- 
-eriorated enough to become useless. 
Accelerated freeze drying has now 
made storage possible. Human plasma 
for blood transfusions, arteries, nerve 
plexus, and eye corneas for trans- 
planting can also be preserved by 
freeze drying. ‘ 

Pharmaceutical firms use this pro- 

‘cess for preserving many vaccines and 
antibiotics. 

In the laboratory, specimens for 
viewing under the microscope or 
electron microscope can be freeze 
dried. The process prevents them 
from going bad and preserves them 

- without distorting the cells. 


Storage 


Food that has been preserved by 
accelerated freeze drying does not 
need storing in a refrigerator. All the 
water has been removed from the food 
and therefore there is nothing left 
in it to be frozen. 

The main requirement is that no 
water must leak in. The food is there- 
fore sealed in damp-proof packs. These 
must not be punctured during storage. 
Water vapour from the air will be 
taken up by the food, which once it 
contains water will go bad just as 
quickly as ordinary food. 

Many foods will oxidize if there is 
any oxygen present. Fat tends to go 
yellow and rancid because of this and 
many vegetables develop a hay-like 
odour. Where experiments have 
shown that the food will not keep if 
there is oxygen present, the water- 
proof pack is filled with nitrogen 
instead. 


Meat dried in the wind is nutritious 
and edible, but nevertheless, it could 
not be mistaken for fresh meat. It goes 
tough and leathery while drying, and 
even soaking for hours will not revive 
it completely. The drying is a good 
idea, but the heat involved has a kind 
of cooking effect on the meat. As the 
cells lose their water they shrink and 
buckle out of shape. Once they have 
lost their shape it is not easy for them 
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WHEN DRIED IN THE SUN 

THE CELL BECOMES DISTORTED. 
IT CANNOT RETURN TO ITS 
ORIGINAL SHAPE AND 

NEVER REGAINS ITS 

ORIGINAL TASTE 


WATER MOLECULES 
SUBLIMING 
OFF 


THE CEL 

SHAPE STAYS 
THE SAME AND 
THE CELL CAN 
EASILY REFILL 
WITH WATER TO 
RETURN TO 
NORMAL 


When food is dried in the sun, the cells gradually buckle and collapse as they lose their 
water. On soaking, the cells slowly swell again, but never exactly regain their old shape 
and taste. Freeze drying removes the water but hardly alters the shape of the cells. On 
soaking, the water can easily take up its old position. 


to return again, and if the meat is to 
taste truly like meat, the cells must 
return quickly to normal when water is 
added. With distorted cells, the meat 
will taste like old boots rather than 
steak. 

It is best if the water is driven off 
without any distortion of the cell 
walls, then when the food is being 
regenerated by adding water, no 
swelling of the cells is necessary. The 
water simply has to fill up each cell of 
the food for it to be back to normal. 
This is the aim of accelerated freeze 
drying. 

Whether in a melon or in a chunk of 
meat, the water content is situated 
inside the cells. A cabbage leaf will 
stay rigid and stiff because its cells are 
blown up with water and cannot flop. 
Dry the cabbage leaf and it becomes 
limp. The cell walls cave in as the 
liquid water evaporates away. But if 
all the water in the cells is frozen solid, 
the cell walls do not collapse. 
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A food drying unit. The frozen food is 
stacked on trays in the cylindrical vacuum 
compartment. Meat is left in here for about 
8 hours to dry. 


annem 


For this reason, the food is first 
frozen before being dehydrated. For it 
to be effective, the freezing must take 
place very quickly — it must be acceler- 
ated. When food is frozen slowly, large 
ice crystals form inside it. The ice 
crystals push the cell walls out of shape 
as they grow, and can completely spear 
through the walls so that liquid from 
a neighbouring cell can flow in. When 
the food is quickly frozen, the ice 
crystals are small and cannot do this. 

The ice that has formed must then 
be spirited away without ever melting. 
Ice can evaporate off and form a 
vapour without first forming a liquid. 
Washing that has frozen as stiff as a 
board will gradually dry out without 
ever thawing. The wind carries away 
the water vapour. 

To encourage the ice to evaporate 
off, the frozen food is placed in a 
vacuum compartment. The water 
molecules evaporate off in an attempt 
to fill the vacuum. Evaporation re- 
quires heat energy. As the first few 
molecules evaporate off they take 
energy of sublimation with them — 
energy required to change them from 
a solid to a vapour. The piece of steak 
left behind has less energy and there- 
fore grows colder. If nothing is done 
about it, evaporation will slow down 
considerably with the fall in tempera- 
ture. 

This will not harm the quality of 
the steak. Less harm is done by very 
slow evaporation, but it does work out 


FAT AND GRISTLE ARE 
TRIMMED OFF THE STEAK 


Freeze drying some steak. Fat and gristle 
are trimmed off and the steak is frozen. The 
water is driven off in a vacuum chamber and 
the steak is put in a waterproof pack. 


very expensive for the manufacturer. 
It is obviously much better for him if 
the operation can be speeded up. The 
steaks are warmed slightly to give the 
ice the energy it needs for evaporation, 
but not enough to raise the tempera- 
ture and melt it. Puddles of water in 
the middle of a steak will act as heat 
traps and burn the steak to a cinder. 
The heat input balances the energy of 
sublimation and the drying usually 
takes about 8 hours. 

Heating the food is one of the great- 
est problems. Several heating methods 
have been evolved and more are likely 
to find their way onto the scene. 

The most common method sand- 
wiches the food between sheets of 


Reconstitution 


With freeze drying very little distor- 
tion of the food cells takes place and 
therefore when water is added, the 
food returns quickly to normal. The 
cells only have to fill with water and 
do not have to swell and buckle back 
into shape as food dried in the wind 


oes. 

Cooked chicken returns to normal 
in 15 minutes and prawns in only 5 
minutes. When pre-cooked rice is put 
in boiling water it returns to normal in 
only three minutes. Long term soaking 
is not necessary. 


FREEZING IN A 


°C 


CUTTING INTO STEAKS 


IN A VACUUM 

COMPARTMENT, 

THE STEAKS ARE PLACED BETWEEN 
STRIPS OF EXPANDED METAL AND 
WARMED SLIGHTLY TO DRIVE OFF THE 
ICE WITHOUT MELTING IT 
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expanded metal a sort of wire netting. 
Carefully regulated heating elements 
warm the metal. The metal passes on 
its heat to the ice and the ice evaporates 
off and escapes as vapour through the 
holes in the metal. 

This seems simple enough, but the 
problem is much more complicated. 
It is difficult to remove the ice from 
the middle of the meat because of the 
thick insulating layer of dried meat 
around it. If the heat is turned up, 
the meat on the outside is liable to 
become scorched and burnt. If the 
heat is not turned up, the ice in the 
middle will not escape and the meat 
will gradually go bad later on, starting 
at the wet patch. It is therefore best to 
use thin chunks of food and dry the 
food for as long as possible. 

Dielectric heating solves the problem 
of how to conduct through the dry 
insulating layer of meat on the outside. 
A beam of radiofrequency waves is 
focused on the meat. It passes through 
the dry layers without hindrance and 
only releases its energy when it arrives 
at the ice. The energy of the beam 
polarizes the water molecules so that 


they are positively charged at one end 
and negatively charged at the other. 
The molecules try to swing round to 
line up with the field, but as soon as 
they have swung round, the field 
alternates. The molecules become 
polarized with their charges reversed, 
and rapidly swing about to try to line 
up with the field once more. 

The rapidly alternating field makes 
the molecules shiver and rub against 
one another, the rubbing makes them 
warm and gives them the energy for 
evaporation. Various other forms of 
heating, like infra-red heating are also 
being tried out. 

It is no use drying something just to 
let it get damp again. After drying, 
the food is promptly sealed in damp- 
proof packages to keep until it is 
needed. 

Food which has been preserved by 
accelerated freeze drying should keep 
indefinitely. But however perfect the 
idea, the process is never perfect. It is 
best not to leave the food for more than 
three years before eating. 
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The steak is given enough heat to evaporate 
the ice without melting it or burning the 
outer layers of dried steak. It takes about 
8 hours to complete the drying. Water is 
driven off quickly at first, then more slowly. 
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| BlOLOGY | 


HORSETAILS- the 


‘SCOURING RUSHES’ 


E spindly shoots of the field 

horsetail are frequently met with 
on the asphalt of old tennis courts and 
along the railway line. Other species 
grow on marsh land and around 
ponds. The horsetails belong to a 
group of plants called the Equisetales. 
They are non-flowering plants related 
to the ferns and, like the ferns, they 
reproduce by scattering tiny spores. 
Only about twenty-five living species 
are known in the world today and the 
majority are small plants, two or three 
feet high. There are, however, many 
extinct species and they were very 
common in the Carboniferous period 


FERTILE 
SPORE-BEARING 
SHOOT 


STERILE, SHOOT 


Above : 
green (sterile) and brown (fertile) shoots. 
Both arise from the rhizome which has re- 
productive tubers on it. The Dutch Rush 
(below) 1s an unbranched species. Sterile and 
Sertile shoots are altke except for the cone on 


the field horsetail showing both 


when the coal seams were being 
formed. The horsetails of that period 
were often large and woody and their 
remains are commonly found in coal. 
Living horsetails — all belonging to the 
genus Equisetum are but relics of this 
once large group. 

The horsetail plant consists of a 
branching, underground rhizome and 
a number of upright aerial shoots. ‘The 
rhizome lasts from year to year but its 
roots and the aerial stems are usually 
renewed each year. The branching 
underground rhizomes, and _ their 
ability in some species to form re- 
productive tubers, make _horsetails 
very difficult plants to get rid of when 
once they are established. Any piece of 
rhizome can grow into a new plant. 

In some species, the stems are 
branched while in others there are no 
branches at all. The stems are all 
ridged to some extent and the outer 
cells contain a lot of silica crystals. This 
makes‘them rough to the touch and led 
to the old name of ‘scouring rushes’. 
Leaves are present only as tiny scales 
at each joint (node) of the stem. The 
stem itself is green and carries out 
photosynthesis which, in a typical 
plant, would be performed by the 
leaves. In this connection the stem is 
provided with pores (stomata) just as 
the leaves of other plants are. 

Branches — if any — arise in whorls at 
the nodes and break through the 
sheath of scale leaves. The stems are 
hollow except at the nodes but the 
branches are solid. Horsetail stems 
readily snap at the joints because there 
is a layer of tender growing cells (meri- 
stems) at each joint. These cells are not 
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The ridges on the stem correspond with the 
scale leaves of each stem segment. Branches, 
if any, grow from the junction. The section 
(right) shows the arrangement of the tissues. 


Cone of field horsetail with (right) an en- 
larged sporophyll scattering spores, and an 
enlarged spore. 


strengthened in any way and easily 
break apart. The new cells produced 
by the meristems increase the length 
of the stem between each joint and so 
the plant grows in height. 

Internally, there is a small amount 
of conducting tissue and a number of 
large air-filled spaces. This is to be 
expected in plants that are essentially 


The prothallus (greatly enlarged) showing 
the flask-like female structure and the male 
structure arising from the centre and rim of 
the disc respectively. 


TISSUES 


ITH ‘STRAPS’ 


“SPOR 
TO AID DISTRIBUTION 


marsh-living. When water is abund- 
ant, there is no need for elaborate con- 
ducting tissue but air spaces are 
necessary to prevent waterlogging of 
the tissues. The majority of strengthen- 
ing tissue is concentrated in the ridges 
round the outside of the stem. 
Life History 

Horsetails, in common with other 
fern-like plants, show a well marked 
alternation of generations. There are two 
quite separate stages in the life cycle. 
The plant so far described is the sporo- 
phyte generation, so called because it 


produces spores. The spores are formed @ 


on special leaves called sporophy lai . 
are grouped into ‘cones’ ti ost 


species the ‘cones’ develop at the tips 
of ordinary shoots@But, in the field 
horsetail and.gs@me others. special re- 
ive develop. These 
9és*Contain little or no chlorophyll 
do not branch. 
At first the ‘cones’ are tightly closed 
but, as they mature, the ‘leaves’ open 
to expose the spore sacs. These then 
split and release the spores. Strap-like 
projections from the spore are sensitive 
to humidity and their twisting move- 


ment helps to scatter the spores. The 
spores contain chlorophyll and 
germinate fairly rapidly to form a flat 
plate of green cells—the prothallus. 
This is the other stage of the life cycle 
—the gametophyte. 

During the formation of the spores, 
the cells from which they develop 
divide in such a way that the number 
of chromosomes in the cells is halved. 
The spores, and the cells of the pro- 
thallus into which they grow, all have 
the reduced number of chromosomes. 
The prothallus itself grows into a tiny 
green cushion with a number of up- 
right leaf-like lobes. It grows at the 
edge and may reach one centimetre 
across. 

This generation is called the game- 
tophyte because it produces the sex- 
cells or gametes. Flask-like female struc- 
tures arise at the bases of the upright 
lobes. Each contains a female cell. 
Male structures develop a little later, 
around the edge of the prothallus. 
When the prothalli are crowded to- 
gether or poorly nourished, they are 
small, and they often produce only 
male structures. The male structures 
liberate tiny male cells. These cells 
carry tiny beating hairs (cz/za) and in 
damp conditions, they can swim 


around and reach a female cell. 

The two cells fuse together and form 
an embryo — the beginning of a new 
sporophyte generation. Because the 
cells of the prothallus — including the 
sex-cells — have a reduced chromo- 
some number, when the two cells fuse 
they produce an embryo having the 
full number, just as in the original 
spore-forming plant. The embryo is at 
first nourished by the prothallus but 
soon puts out its own roots and stems 
and the prothallus dies. 


EMBRYO : 
(CHRO ME NUM 
"NORMAL AGAIN) 


The life cycle of a horsetail. 


Fossil Horsetails 


Horsetails and related plants first 
appeared in the Lower Devonian times, 
about 325 million years ago. They were 
very common in Carboniferous times 
but only one family survived until the 
Jurassic. This family flourished with the 
dinosaurs but only very few species 
remain alive today. 

Sphenophyllum was not a true horse- 
tail but flourished with them in coal- 
forming times. It was a woody plant 
known mainly from its leaves. Cala- 


ECONSTRUCTIO 
F SPHENOPHYLLI. 


AST OF 
CALAMITES 
STEM 


FOSSIL LEAVES OF ANNULARIA 


mites was a true horsetail of huge size 
— reaching perhaps to 100 feet. It had 
a rhizome and small, but green leaves. 
The conducting tissue was elaborate 
and there was a lot of woody tissue for 
support. The branches themselves 
branched and when lower branches 
fell, the plant looked very tree-like. In 
spite of its size the stem was hollow and 
fossil casts of the inside are common in 
the rocks. 
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The OPTICAL BENCH 


EXPERIMENTS with lenses and 
mirrors in optics usually involve 
finding the focal lengths of lenses and 
mirrors, measuring distances between 
objects, images and lenses, or finding 
the size of the magnified image pro- 
duced by the lens system. Light rays 
do not bend as they pass from one 
stage to the next. They travel in 
straight lines. So the lenses, mirrors 
and screens used for the experiment 
are usually arranged in an absolutely 

straight line. 
It is difficult to do this without some 


form of guide. The optical bench is 
simply a straight-line guide along 
which all the components can be 
moved until they are in the correct 
position —in line. Because distances 
between the optical components must 
be measured accurately, the bench 
has a built-in measuring scale, marked 
in millimetres. It can be anything 
over a metre long. 

The lenses and mirrors are mounted 
on holders, which fit on to the bench. 
In some benches, the base of the 
holder is just a rectangular block of 


wood, which moves along the metre 
scale. In more refined systems, the 
lens holders are made of metal, and 
can be clamped to the bench. A 
pointer on their base marks the exact 
position on the metre rule of the 
centre of the component. 
Setting up an optical bench 

The holders may be able to hold a 
variety of different components. Since 
it is likely that these will vary in size, 
the height of each holder is adjustable. 
The optical height of the system is the 
height to the optical centre of each 


Left: It is difficult to find the image when the lenses and screens are stuck in pieces of Plasticine. Right: It is much easter on an optical 
bench. 
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of the components. This should be 
the same for all components. The 
holder for the lamp used as a light 
source is adjusted first, so that its 
height is convenient. Then all the 
other holders are adjusted until, on 
looking along the bench, the centres 
of the components appear to be on the 
same horizontal line. 

Optical experiments are best done 
in a darkened room, so that the only 
light passing through the lens system 
comes from the lamp at one end of the 
bench. The amount of light coming 
from the lamp is adjusted by a dia- 
phragm, or stop. The size of a stop 
just in front of the lamp governs the 
amount of light passing through the 
whole optical system — in other words, 
it determines the brightness of the 
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Lenses and ‘stops’ are arranged on the optical bench to demonstrate the lens system of a 


compound microscope. A field stop limits light from the lamp at the right hand end of the 
bench. Another stop, the aperture stop limits the light further along the bench. This 
stop affects the sharpness of the final image. The object 1s a transparent scale, and the 
image is viewed through a camera, which acts like a human eye. 


final image. Stops further along the 
optical bench may have additional 
effects on the image. The size of the 
stop allowing light to enter a camera 
(the aperture) affects both the bright- 
ness and the sharpness of the image. 
Effects like these can be investigated 
by setting up the optical system on an 
optical bench, altering the size of the 
stops, and watching the change in the 
appearance of the image. 

If the magnification of the optical 
system is being measured, the ‘object’ 
should be something which can be 
sharply focused on a screen and easily 
measured. A small transparent milli- 
metre scale makes a convenient object. 


The magnification can then be easily 
found by measuring the lengths of the 
scale divisions on the final image. 
Other convenient objects used are 
pin-hole size openings in a black plate. 
These isolate single ‘pencils’ of light 
rays travelling through the lenses, and 
are useful for studying the defects (or 
aberrations) of lenses. 

All the components on an optical 
bench should be aligned initially. In 
fact, modified optical benches are 
used to align optical instruments, like 
binoculars and microscopes. Once an 
optical system has been aligned, the 
consequences of disaligning it can be 
studied on the optical bench. 


Components for optical benches. 1. A swivelling holder for a lens. 2. Two fine slits are ruled on this coated glass plate. It is used in experi- 
ments on interference of light waves. When the slits are illuminated, a pattern of dark and light lines (interference fringes) can be produced 
on a screen. 3. This is a prism with one very large angle and two very small ones. It is called Fresnel’s Bi-prism, and 1s also used to form 
fringe patterns in light interference experiments. 4. A polarizer. Light consists of vibrations both from side to side and up and down. The 
polarizer removes one of these two components. 5. A pointer is used to locate images. If the image coincides with the object, they should 
always coincide, no matter from which direction they are viewed. This ts called the method of no parallax. 6. Slits are often used as objects. 
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| NEW METHODS OF POWER G 


F two pieces of different metals are 
joined at both ends, one end is 
heated and the other cooled, then an 
electric current flows around the cir- 
cuit. It is a very small current, and is 
generated because the two metals have 
different electrical properties. 
Semiconductors are not as good as 
metals at conducting electricity, but 
they can be used as far more efficient 
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HEAT 


In p-type semiconductor, positive 
charges (positive holes) move away 
from heat. In n-type semiconductors, 
electrons meye away. 


POSITIVE 
CHARGES 


HEAT 


generators of this kind of electricity — 
thermoelectric electricity. There are two 
types of semiconductor with decidedly 
different electrical properties. N-type 
semiconductor contains an impurity 
which gives its atoms free negative 
charges (electrons). In a p-type semi- 
conductor, the impurity atoms im- 
mobilize electrons from the ‘host’ 
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Thermoelectric power may be used for distant weather stations and artificial satellites. 
Radtoactive isotopes would be used as fuel. 


ELECTRICITY FROM 
SEMICONDUCTORS 


semiconductor. Freely moving elec- 
tron deficits (equivalent to positive 
charges, and called positive holes) cage 
travel through the semiconductor. 

If a junction between p-type and 
n-type is heated positive holes in the 
p-type and negative electrons in the 
n-type both tend to flow away from the 
junction (they are given the energy 
necessary to do so by the heat). A 
current of ‘positive’ holes in one direc- 
tion is equivalent to a current of 
negative electrons in the opposite 


Pieces of semiconductor are arranged in 


series. A foot-square arrangement of 
thermo-electric generators (each less 
thanan inch long) could give a power 
output of 100 watts — enough to light 
a medium- sized electric light bulb. 


Half of the junctions are 
heated. Positive charges 
flow away from the junc- 
tion in one kind of material, 
and negative charges in the 
other. Below: the result 1s 
an accumulation of positive 
charge at one end and nega- 
tive charges on the other. 


direction. So, on balance, the current 
flows all in the same direction around 
the circuit, and it is far bigger than 
currents obtainable with two different 
kinds of metals. 

There are no moving parts in this 
current generator, and the electricity 
is produced directly. The efficiency 
is only about 5%, but it is hoped to 
improve it to 10%. 

Thermoelectric power, produced by 
semiconductors, is used by some of the 
artificial satellites orbitting the Earth 
at present. It is also likely to find 
applications in sea buoys, distant 
weather stations and undersea cables, 
where the requirement is an electric 


Buoys and undersea cables codld 


refuelling for years. 
generator on the spot, able to pRoduce 
electricity for years without at#g@ation 


The heat for the thermoglectric 
generator would come from long-lived 
radioactive isotopes. About 12 suitable 
ones are known, their active lives 
ranging from a few months to nearly a 
hundred years. 

The heat from the radioactive iso- 
tope makes the temperature on the hot 
junction about 500 degrees. The semi- 
conductors used in most small transis- 
tors, silicon and germanium, disinteg- 
rate at these temperatures, so one of 
the main problems in designing a 
thermoelectric generator is to find a 
semiconducting material, with the 
right electrical properties, which can 
stand up to high temperatures. Lead 
telluride is used for the n-type semi- 
conductor, and germanium telluride 
for the p-type. 

If materials which operate at even 
high temperatures can be developed, 
the thermoelectric generator could be 
used for large-scale generation of 
electric power. In a coal or oil-fired 
boiler, the temperature is around 
2,000°C, while the temperature in 
most kinds of nuclear reactors used for 
producing electric power is a_ bit 
lower. The semiconductor generators 
would be connected in series (one after 
the other) and exposed to the heat of 
the boiler or reactor. It might be 
possible to generate electricity more 
efficiently and simply than by present 
methods. 

Unfortunately, it is proving difficult 
to develop suitable materials. One of 
the problems which reduces the effi- 
ciency of the thermoelectric generator 
is the electrical resistance of the semi- 


conductor. Electrical energy genera- 
ted by the semiconductor is wasted in 
overcoming its resistance. The electri- 
cal resistance of the semiconductor, 
even when it has been ‘doped’ with 
impurity, is still greater than the 


electrical resistance of metals like 
copper and silver. 
But this disadvantage must be 


weighed against the two advantages of 
semiconductors over metals. Metals 
have very small thermoelectric cur- 
rents: thermoelectric currents from 
conductor junctions are very much 
bigger. The other advantage is that 
semiconductors are poor conductors of 
heat. Metals are good heat conduc- 
tors. Heat soon travels away from the 
hot junction through the conducting 
metals, partly destroying the thermo- 
electric effect. A perfect thermoelectric 
generator combines heat insulation 
with electrical conduction. Semicon- 
ductors are by no means perfect, but 
they approach perfection far closer 
than any metal. 
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Intrinsic conduction 


The conductivity of a pure semi- 
conductor is called intrinsic conductivity. 
It has nothing to do with donated elec- 
trons or positive holes. In any material, 
there are always a few unbound 
electrons. The unbound electrons in a 
pure semiconductor give it its ‘semi- 
conductivity’. When semiconductors 
are heated, the number of unbound 
electrons quickly increases. They are 
freed by being given additional energy. 

Intrinsic conduction is unwanted in 
a semiconductor. The reason is that 
this kind of conduction is the same on 
both sides of the junction. The ‘in- 
trinsic’ electrons flow away from the 
junction whatever the type of semi- 
conductor. The current in one direc- 
tion around the circuit balances the 
current going in the opposite direction. 
So the net intrinsic current is nil. 


A thermoelectric-powered amplifier along 
an undersea cable. A radioactive isotope 


heats the hot junctions, and water cools the 
cold junctions. 


Some epidemics start when the water 
supplies are filthy and contaminated with 
harmful bacteria. In the past, rivers and 
wells were often polluted. Today, water 
must be purified and regularly inspected. 


Bubonic plague —the Black Death — 
destroyed 25 million people in Europe 
in the 14th century. This terrible dis- 
ease has been rampant at many other 
times. Even the Old Testament of the 
Bible gives an account of its activities. 

Old theories more often than not 
ascribed outbreaks of bubonic plague 
to the movement of planets in the 
heavens or to the evil breath of devils. 
Today the true culprit is known. It is a 
certain kind of bacteria — organisms so 


MAGNIFYING LENSES WERE 
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Diseases which are always present in 
a region, either in the human popula- 
tion or in certain wild animals, are said 
to be endemic. Under certain conditions 
endemic diseases can break out on a 
very large scale infecting many people. 
They are then said to be epidemic. 

Bubonic plague is a good example of 
a possible epidemic disease. In the past 
it has killed millions of people. Today, 
though the bacteria responsible are 
endemic in wild rodents of many 


THE 13TH CENTURY. EARLIER, GREEKS AND ROMANS 


Drugs and Antibiotics 


Certain chemical substances help 
the body to overcome disease. They 
function inside the body and it is im- 
portant that their action is selective — 
killing or weakening the organisms that 
cause disease but not harming the 
tissues of the body. Paul Ehrlich (1854—- 
1915) began the search for these drugs. 
Certain stains were found to be ab- 
sorbed only by invading bacteria. Here 
lay the key to the problem. 


After testing 605 substances he dis- 
covered his ‘606’ or salvarsan. Since 
then numerous other drugs have been 
discovered —including the sulphona- 
mide compounds. 

Antibiotics — substances produced 
by moulds and which attack bacteria — 
date from 1928 when Alexander Flem- 
ing discovered penicillin. 

Drugs and antibiotics now enable 
most diseases to be cured. They are 
useful in stemming epidemics, but do 
not decrease the importance of pre- 
venting outbreaks. 


small that they are invisible to the eye. 
Bacteria, together with even smaller 
organisms called viruses and certain 
minute one-celled animals called proto- 
zoans, are responsible for most dis- 
eases. They invade the human body 
destroying tissues with their poisons. 
The spread of disease takes place when 
these minute organisms are trans- 
mitted from one person to another. 


countries, careful watch by medical 
authorities prevents fresh outbreaks. 

The idea that diseases are caused by 
invisible organisms is not a new one. 
The Roman, Varro, considered the 
possibility 2000 years ago. Mainly be- 
cause there were no instruments at 
that time to prove his theory, it was 
soon forgotten. 

Centuries later, in 1546, a book 


Control of Epidemic 


the past, all sorts of attempts were 

made to stem large-scale outbreaks 
of disease. Bonfires were lit in town 
streets, juniper branches and other 
strongly smelling woods were ignited 
in the houses. People even carried 
bundles of herbs about with them as 
personal fumigants or wore lucky 
charms — but to no avail. 

During the 19th century, the bac- 
teria causing many diseases were dis- 
covered, one after the other. Careful 
study revealed the life histories of the 
bacteria — where they lived, what con- 
ditions they liked, how they were 
transmitted to Man. The bacteria of 
bubonic plague, for instance, perhaps 
the most feared of all diseases were 
found not only in infected people but 
in the blood of stricken rats. The link 
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in the chain was discovered by the 
British bacteriologist P. L. Simond. 
He showed that bacteria are passed 
from rat to Man by an infected rat-flea 
which lives on the rat as a parasite. 
With the whole intricate set-up 
known, the first really positive steps 
could be taken towards eliminating 
the disease. Rats have been exter- 
minated where possible by trapping 
and poisoning. Elsewhere, places in 
which they can breed and find food 
have been minimized. For instance 
granaries are now constructed so that 
rats cannot get in and ships are made 
rat-proof, preventing disease-carrying 
creatures from being transported 
across the world. A second line of 
attack has been to stop infection from 
taking place —that is to discourage 


Great care in preparing and packing food, 
avoids. contamination with bacteria and pre- 
vents outbreaks of disease. 


RATS, PARTICULARLY THE 
BLACK RAT, ARE CAPABLE OF 
SPREADING PLAGUE ON AN 
ENORMOUS SCALE. RATS CAN 
BE KEPT DOWN BY TRAPPING 
AND POISONING THEM AND 
ELIMINATING THEIR BREEDING 
PLACES. 
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ROBERT HOOKE’S 
MICROSCOPE WAS 
ALSO SIMPLE. 
WITH IT, HE 
OBSERVED THE DETAILEg 
STRUCTURES 

OF MANY ANIMALS 


AND Pi AN 


LEEUWENHOEK USED A SIMPLE 
ICROSCOPE. IT ONLY HAD 

A SINGLE LENS, 

ET IT MAGNIFIED UP TO 160 TIMES 


written by an Italian doctor, Jerome 
Fracastor appeared. Fracastor held very 
much the same belief as Varro, and 
argued convincingly in its favour. He 
showed how it was possible for disease 
to spread — the organisms were trans- 
mitted from one person to another. 
Unfortunately there were few willing 
to listen. 

During the |7th century improve- 
ments in the quality of magnifying 
lenses led to the development of 
primitive microscopes. A Dutchman, 
Anton Van Leeuwenhoek has the credit 
for first observing bacteria. He did so 
in the year 1673. But the discovery did 
not lead to an immediate revival of 
Fracastor’s theories. Not until the 
19th century and the work of the 
Frenchman, Louis Pasteur and the 
German, Robert Koch were minute 
organisms and disease linked beyond 


Disease 


and eliminate fleas. Raising standards 
of personal cleanliness has been helpful 
here, assisted by the use of effective 
insecticides. 

Typhus (gaol fever) was discovered 
to be due to organisms conveyed to 
Man by body-lice. By eliminating the 
lice with insecticides and better stan- 
dards of hygiene, typhus has largely 
disappeared. The bacteria causing 
cholera and typhoid were found to be 
transmitted to Man in contaminated 
water or food. With careful inspection 
of public water and food supplies, the 
diseases no longer occur. 

Malaria and yellow fever are two 
mosquito-borne diseases. Malaria is in 
fact caused by a microscopic, one- 
celled animal, yellow fever by a virus. 
Intensive attacks on mosquito breed- 
ing grounds together with the use of 


all possible doubt. Many of the true 
culprits for disease were discovered. 
In 1875, the amoeba which causes 
dysentery was discovered and also the 
bacteria which infect wounds. In 1880 
the typhoid bacteria was found and so 
was the small protozoan causing 
malaria. Koch himself discovered the 
tubercle and cholera bacteria in 1882 
and 1883. 

But the organisms respensible for 
some diseases such as smallpox and 
yellow fever just could not be found. 
The reason was that they were too 
small to be seen with the optical micro- 
scope. These were the viruses. Viruses 
were, however, isolated by straining 
infected material through filters 
capable of removing the bacteria. The 
invention of the electron microscope 
enabled even the smallest virus to be 
detected and photographed. 


mosquito-proof screens has in many 
places completely eliminated these 
diseases. 

Immunization 

Some diseases are spread directly by 
Man himself. For instance diseases of 
the throat and lungs, such as scarlet 
fever, diphtheria and tuberculosis are 
transmitted by bacteria coughed and 
sneezed into the atmosphere. In these 
cases the most efficient preventive 
measure is ¢mmunization. 

Immunization consists of injecting 
into the blood stream dead or severely 
weakened organisms of a kind known 
normally to cause a disease. The body 
becomes mildly infected. In response, 
it builds up a supply of natural 
chemicals (antzbodies) which help to 
overcome the disease. The antibodies 
may stay in the bloodstream. If they 
do, later attacks by virulent bacteria 
of the same kind can be resisted. The 
body has acquired a natural immunity. 

The body may itself acquire im- 
munity either by natural infection 
with a mild form of a disease or by re- 
covering from a stronger attack. But it 
is far safer in the case of the more 
dangerous diseases to give protection 
by immunization. 

Mass immunization limits the num- 
ber of places where disease-forming 
organisms can multiply. In Britain 
and many other places such a method 
has led to the virtual elimination of 
diphtheria, smallpox and more re- 
cently poliomyelitis. 


THE COMPOUND MICROSCOPE 
AS WE KNOW IT TODAY 
CAME INTO USE IN 
1830. A CONDENSER, 


WAS ADDED IN 1878 


FAMOUS SCIENTISTS 


JOSEPH BLACK and 
the MEASUREMENT 
of HEAT 


"THE difference between temperature and heat is now 

well established even though some students may be 
confused by these two related terms. Temperature (the 
intensity of heat) can be measured quite easily using a 
thermometer. In contrast, the measurement of heat 
(quantity of energy) is rather more complicated. 

About 200 years ago Joseph Black carried out a series 
of very important experiments concerning the measure- 
ment of heat and relationship between heat and tempera- 
ture. He showed that although there was no change in 
temperature, large quantities of heat were absorbed in 
melting ice and in turning boiling water to steam. He 
introduced the term Jatent heat for the heat required to bring 
about these changes of state. 

Black also found that different amounts of heat were 
required to produce the same temperature rise in equal 
masses of different substances. For instance, about 1-7 
times more heat is required to raise the temperature of 
water from 15°C to 25°C than to give the same increase in 
temperature to an equal mass of ethyl alcohol. To explain 
this variation between different substances, Black intro- 
duced the idea of specific heats. While carrying out this work 
he laid down the principles of heat measurement — calori- 


MELTING 


metry — which are still used today. 

For the previous hundred years or more, advances in 
chemistry had been hampered by the Phlogiston Theory. 
However, as Black was suspicious of theories which were 
not supported by experimental evidence, he was able to 
make several valuable additions to chemical knowledge. 

Until the middle of the eighteenth century very little 
was known about gases, in fact many people thought there 
was only one gas — air. About a century before (in 1640 to 
be precise), van Helmont had discovered the gas which is 
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JOSEPH BLACK 
(1728-1799) 


now known as carbon dioxide, but with the rise of the 
Phlogiston Theory the significance of this was lost. 

Black rediscovered carbon dioxide in 1754 while experi- 
menting with two mild alkalis— the carbonates of mag- 
nesium and calcium. He found that when these compounds 
were heated, each produced a stronger alkali while at the 
same time fixed air — carbon dioxide — was liberated. The 
weight of the stronger alkali was less than that of the mild 
alkali from which it was obtained. 

Joseph Black was born in 1728 at Bordeaux in France. 
Both his parents were of Scots descent. After spending six 
years at school in Belfast, he entered the University of 
Glasgow in 1746 to study chemistry and medicine. In 
1756 he became professor of anatomy and lecturer in 
chemistry at Glasgow. Ten years later he succeeded to the 
chair of medicine and chemistry in the University of 
Edinburgh. 

Black was very popular with his students because he 
took great pains in planning his courses and because his 
lectures were illustrated with many experiments. 

As well as making a number of valuable contributions 
to both physics and chemistry, he also found time to 
practise as a physician. He died peacefully in his chair at 
the age of 71. 


2,000 CALS NEEDED TO 
RAISE TEMPERATURE 
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BY 20 DEGS: SPECIFIC 
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1,160 CALS NEEDED TO 
RAISE TEMPERATURE 
BY 20 DEGS: SPECIFIC 
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EW ponds and ditches are without 
their quota of green scum in 
spring and summer. A stick dragged 
along the surface will bring up a slimy 
mass of green threads. Many of these 
will belong to a simple plant called 
Spirogyra whose delicate structure is 
easily seen under the microscope. 

A thread of Spirogyra consists of a 
string of tiny cells surrounded by a 
layer of mucilage or slime. All of the 
cells look alike and all of them act as 
individual organisms. The thread can 
be broken into many pieces and each 


will continue to live and grow. No cell 
has any special function such as is 
found in higher plants and animals. 
The most noticeable feature of the 
cell is the spiral chloroplast containing 
the green chlorophyll. There may be 


ymore than one chloroplast and their 
, shapes may help to identify the various 
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Spirogyra is frequently brought up by fishing 
lines and nets. The strands and individual 
cells are shown enlarged. 


species. Embedded in the chloroplast 
are numerous paler regions called 
pyrenoids. These seem to be concerned 
with starch production. The cellulose 
cell-walls are lined with protoplasm 
surrounding a space or vacuole. In the 
centre of this space is the nucleus, 
suspended by strands of protoplasm. 
Each cell manufactures its own food 
from mineral salts, water and carbon 
dioxide and is quite independent of its 
neighbours. 
Reproduction 

When the water is warm and there 
is plenty of mineral food and sunlight, 
the cells grow rapidly and divide at 


Diagram. of stages of conjugation be- 
tween cells of neighbouring strands. The 
protoplasm of one strand (the ‘male’) passes 
across into the other (the ‘female’). Cells of 
a single strand will be all male or female. 


GERMINATION OF 
ZYGOTE 


frequent intervals. The chain of cells 
lengthens rapidly. It often breaks - 
and each fragment quickly grows into 
a new chain. In this way large masses 
of the plant soon accumulate. 

Under less favourable conditions — 
for example in the autumn when the 
water cools down, or during drought — 
Spirogyra reproduces in another way. 
Two neighbouring threads come close 
together and tiny projections grow 
out towards the opposite cells. The 
projections join and form a_ tube 
linking the two cells. By this time, the 
contents of the cells have shrunk and 
the chloroplast has broken up. The 
cell contents of one thread move across 
into the cells of the other thread where 
they join with the other protoplasm. 
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A thick wall forms round the joined 
protoplasm which is then called a 
zygospore. This type of reproduction is 
called conjugation. 

The zygospore is released when the 
old cell walls break up. It may rest at 
the bottom of the pond or be whisked 
away by the wind until it finds suitable 
conditions for growth. These tiny 
spores are very resistant to drought 
and cold and can probably remain 
alive for years. They are responsible 
for the sudden appearance of Spirogyra 
in artificial ponds and fish tanks. When 
they reach suitable sites, the spores 
germinate and grow into new threads. 
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TECHNOLOGY 


HEAVY lorry needs more braking 
effort to stop it than does a light 
family car. Most modern cars and 
lorries are fitted with hydraulic brakes. 
As the driver pushes down on the 
brake pedal he moves a piston along a 
cylinder, increasing the pressure of 
the braking fluid inside the cylinder. 
The pressure increase is transmitted, 
through tubes, to the car wheel, where 
it is used to operate the brakes. In all 
kinds of hydraulic systems, pressure 
changes are transmitted through 
fluids. 

The pressure of a foot on the pedal 
is not enough to stop heavy lorries, or 
to allow drivers of large, fast cars to 
brake safely and with very little effort. 
The driver needs some assistance. 
This is called servo assistance because it 
serves. Servo-assisted brakes, like ordin- 
ary hydraulic brakes, are operated by 
the brake pedal. If, for any reason, 
the servo system should break down, 
the conventional braking system works 
in the usual way. 

The brakes need extra pressure to 
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by air pressure. 


In this\car, a vacuum servo operates disc brakes on the front wheels 
of the ¢ar, and conventional drum brakes on the rear wheels. A tube 
connects part of the servo to the engine inlet manifold. This 1s just 
under the carburettor, and, when the driver's foot is off the accelera- 
tor, it is almost evacuated. In this kind of power braking, a vacuum 
is created on one side of a piston, and it is pushed from the other side 
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push the hydraulic fluid leading to 
the brakes. More exactly, they use an 
additional difference in pressure to give 
a boost to the piston when the foot 
pushes down on the brake pedal. Both 
pressures operate on a piston in the 
slave cylinder. The pressure difference 
used in servo brakes is the difference 
between the pressure of the air, let 
into the system by opening valves to 
the outside air, and a vacuum (zero 
pressure) tapped from the inlet mani- 
fold of the car engine. This is the part 
of the engine under the carburettor, 
where fuel is sucked into the engine. 
Brakes are always applied with the 
foot off the accelerator. Then little 


fuel is entering the engine through the 
inlet manifold, and there is a fairly 
high vacuum there. 

The vacuum is connected to one 


Fluid pressure coming from the brake pedal 
and air pressure both act in the same direc- 
tion in the slave cylinder. The pressure 1s 
transmitted through braking fluid to the 


brakes. 


side of a large piston (or diaphragm), 
the booster piston. So the pressure on 
this side is very low indeed. The other 
side of the booster piston can lead, 
through valves, either to the outside 
air (when the brakes are applied) or 
to the engine manifold vacuum (nor- 
mal running). 

So, depending on which set of 
valves is opened, the pressure differ- 
ence across the booster piston can be 
nil (when the brakes are not being 
applied) or atmospheric pressure, 
when the brake pedal is fully down. 

The booster piston has a wide area. 
Force = pressure x area over which the 
pressure acts. With a wide area, the 
force pushing the piston is large. 

All the driver’s foot has to do is 
supply the effort to open and close the 
valves. Since it is also advisable to 
provide a safeguard in the event of a 
leak in the system, or an engine break- 
down, the foot pressure operates the 
brakes in the conventional way, as 
well as opening or closing the valves. 
Both the push in the hydraulic fluid 
from the driver’s braking, and the 
push given by the booster piston act 
in the same direction in the slave 
cylinder. 


Opening the valves 


Before the brakes are applied, both 
sides of the booster piston are con- 
nected to the inlet manifold of the 
engine. The valve leading to the out- 
side air is closed. The valve is con- 
nected to a piston pushed by pressure 
from the braking fluid. The first thing 
that happens when the brake pedal is 
pushed is that this piston moves 
slightly, isolating one side of the 
booster piston from the other side. 

When the pedal is pushed further 
down, the valve piston lifts a plunger, 
which opens the air valve. Air is let 
into the space behind the booster 
piston, and the servo system operates. 
But once the right degree of braking 
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Above: the vacuum servo just before the brakes are applied. The near-vacuum from the 
inlet manifold appears on both sides of the piston. The valve leading to the air is closed. 
Below, left: just after the brake pedal is depressed. The valve linking both parts of the 
system is closed. Below, right: when the pedal is pressed further down, the air valve 
opens, and lets air into the system until the air pressure equals the fluid pressure pushing 
the valve piston. Then the air valve closes again, but the booster piston remains in its 


boosting position. 


VALVE STILL CLOSED 


VALVES 


PRESSURE 
INCREASES 


is obtained, the air valve is closed. 
This happens because the atmospheric 
pressure at one end of the valve piston 
balances the pressure from the braking 
fluid at the other end. The system is 
sealed, and the booster piston stays 
in its boosting position, pushing the 
braking fluid in the slave cylinder. 
If more braking effort is wanted, the 
valve piston moves a bit more, lets 
more air into one side of the booster 
piston, which gives the brakes extra 
boost. The valves ensure that the 
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servo assistance is proportional to the 
pressure on the brake pedal. 


Releasing the Servo Brakes 


As soon as the brake pedal is 
released, the valve piston drops back, 
both sides of the booster piston are 
reconnected to the near-vacuum from 
the engine inlet manifold, and springs 
push the booster piston back to its 
original position. The pressure in the 
fluid leading to the brakes drops, and 
the brakes are released. 
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| ORGANIC CHEMISTRY | 


CHELATING AGENTS— 
CHEMICAL CRABS 


T is not advisable to try paddling 
in rocky crab-pools. Crabs are 
noted for their strong pincers and are 
capable of fastening onto a toe by 
gripping and pinching it between two 
pincers. Crabs never catch their prey 
by stabbing with one claw, but always 
by pinching between two. 

Chelate (pronounced keylate) is a 
word meaning crab-like. Several chemi- 
cal compounds are called chelating 
agents because they have reactive 
groups of atoms sticking out like claws 
from the main body of their molecules. 


GREEN ATOMS - SODIUM 
GREY — HYDROGEN 

RED —- OXYGEN 

BLACK - CARBON 

BLUE —- NITROGEN 


As a result, their structural formulae 
not only look like crabs, but the mole- 
cules also behave like them, by fasten- 
ing onto and pinching any suitable 
atoms or ions they happen to come 
across. 

This linking with another atom by 
pinching it between two active groups 
is a very unusual form of chemical 
addition. It is much more usual for 
an atom to join with another molecule 
by means of a single link. In a chelate, 
the trapped atom or ion is joined to 
the same molecule by two or more 
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FOR BONDING WITH THE 
TRAPPED ATOM OR ION. 


Chelating agents have crab-shaped molecules. Like crabs, they can trap other atoms and ions 
between their ‘pincers’. They then form compounds called chelates. 
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linkages. Each linkage connects the 
trapped atom or ion to a different 
active group in the chelating agent 
molecule. 

The compound with the chemical 
pincers is called a chelating agent and 
the compound containing the trapped 
atoms is called a chelate. 

Usually, when an atom joins up with 
a molecule to make a larger molecule, 
both contribute some of the electrons 
that make up the bonds. If the atom 
is not prepared to give up any of its 
electrons, no linkage takes place. This 
is not so for chelating agent molecules. 
They require nothing of the atom they 
are trapping and are prepared to give 
all the electrons themselves. The active 
groups in the crab-like molecules act 
as electron donors. This means that 
chelating agents can fasten on to many 
different types of ions and atoms 
irrespective of whether they can give 
any bonding electrons or not. 

Although chelates have some uses, 
the chelating agents are far more im- 
portant. They are relative newcomers 
to the chemical scene. The most 
important chelating agent, ethylene 
diamine tetra-acetic acid, also known 
as EDTA, was discovered around the 
year 1930 where it was used in Ger- 
many as a water softening agent. It isa 
derivative of ethylene diamine —an 
ethylene molecule where a hydrogen 
atom on each end has been replaced 
by an amine (NH,) group. In EDTA, 
four carboxyl groups sticking out from 
the main body of the molecule act as 
the crab’s claws or active groups. 

Just a few drops of EDTA solution 
will completely soften a bowl-full of 
very hard water. Instead of forming an 
unpleasant scum with soap, the water 
lathers immediately. When the soft- 
ened water is boiled, no chalky fur 
forms inside the boiler. The water has 
been softened without the removal of 
the metal ions that cause the hardness. 
They are still there but have been 
inactivated by the chelating agent. 
Nearly every calcium or magnesium 
ion has been wrapped up in an EDTA 
molecule. The water is still perfectly 
clear for the chelate that has formed is 
very soluble in water. 

EDTA itself is a solid that is in- 
soluble in water. In this form it is 
not used for putting unwanted metal 


ions out of action. To be effective it. 


must be converted into a soluble salt. 
Water-soluble sodium, potassium or 
ammonium salts are obtained by dis- 
solving the solid EDTA in an alkali — 
sodium hydroxide for the sodium salt 
and ammonium hydroxide for the 
ammonium salt. The EDTA is now in 
an active form. 

EDTA is an extremely economical 
water softener. When soft water is 
required, a few drops of the activated 
form will do the job very effectively. 
After the water has been used, the 
EDTA can be recovered for use again. 
When acid is added, the EDTA 
returns to its insoluble form and 
comes out of solution. It can be filtered 
out, converted into a salt and used 
over and over again. 

Although EDTA will trap most 
types of metallic ions it does have its 
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preferences. If there are both ferrous 
and ferric ions in solution and not 
enough EDTA to go round all of 
them, the EDTA will inactivate the 
ferric ions and leave most of the 
ferrous ions untouched. The EDTA 
has a greater preference for ferric 
ions and is very reluctant to leave any 
ferric ions swimming around in solu- 
tion. For every 10,000,000,000,000, 
000,000,000,000 ferric ions it traps, 
there will only be a single ion remain- 
ing free. EDTA will leave in solution 
one ferrous ion for every 100,000,000, 
000,000 it traps. There will still be 
very few ferrous ions untrapped, but 
nevertheless the preference for ferric 
ions is obvious. 

If an ion low down on the list of 
preferences is to be put out of action 
all the ions higher on the list must be 
put out of action too. If an ion like a 
ferric ion is to be removed, this can be 
done with just a little chelating agent 
and the other metallic ions can be left 
in solution unaffected. 


Uses of Chelating Agents 


They are largely used to deactivate 
metallic ions that are making them- 
selves a nuisance. Copper is high on 
the list for being removed by EDTA, 
next to ferric ion, in fact. Very small 
traces of copper will make peroxides 
decompose and give off their oxygen. 
The sulphites in photographic de- 
velopers will lose their power on 
keeping. The oxygen of the air will 
oxidise them to sulphates if any copper 
is present. The addition of just enough 
EDTA to take up the copper means 
that these chemicals can be kept for 
long periods of time without losing 
their strength. 

Solutions of EDTA can also be 
used for cleaning reaction vessels and 
removing scale from boilers. The 
alkaline solution will not attack the 
metal of the boiler but it will attack the 
fur of calcium carbonate and form a 
calcium chelate that is soluble in 
water. 

Many rather cloudy solutions can 
be clarified by the addition of a drop 
or two of EDTA. Cloudy shampoos 
can be clarified in this fashion. The 
chelating agent wraps round the im- 
purities and takes them into solution. 
No filtering is then necessary. 
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A drop or two of a chelating agent will 
take many insoluble impurities into 
solution. A chelate forms which is 
soluble in water. In hard water, the 
chelating agent wraps round the 
offending ions and puts them out of 
action. 


A Use for Chelates 


Iron chelates are used to give a 
steady supply of iron to plants where 
the soil is deficient. As soon as the 
plant has taken up one of the free ions, 
a molecule of the chelate releases 
another ion for the plant. In this way, 
the supply exactly matches the 
demand. 


Copper will make rubber perish quickly. 
Rubber pipes and hot water bottles are 
treated with a calcium chelate. The chelate 
exchanges its calcium for copper and makes 
the copper harmless. 


WATER 
CONTAINING 


CALCIUM \ = UNWANTED 


COPPER 
ION 


N COPPER IS 
TAKEN UP 


| BIOLOGY | 


OCTOPUSES and their ALLIES 


The fossil record of cephalopods 
goes back 500 million years, to late 
Cambrian times. These early forms, the 
Nautiloids, all had outside shells. The 
shell had many chambers. The animal 
lived in the last one while the others 
were probably filled with gas for 
buoyancy. The Nautiloids flourished 
for the next 200 million years and then 
declined. Today a single survivor re- 
mains —the pearly-shelled Nautilus. 
Nautilus retains many primitive 
features. It has a simple eye without a 
lens and numerous small tentacles. 
Unlike other cephalopods it has two 
pairs of gills and no ink-sac. It lives on 
the sea-floor in the Pacific Ocean, 
feeding on shrimps and other small 


creatures. 

In the Devonian period, 300 million 
years ago, another stock branched off 
from the Nautiloids. These were the 
Ammonites, a group also with outside 
shells. Ammonites flourished  par- 
ticularly in Jurassic and Cretaceous 
times and then became extinct. 

A second group which evolved from 
the Nautiloids was the Belemnites. 
Belemnites had no external shell but 
possessed an inside chambered shell 
partially enclosed in a supporting 
cylinder. Belemnites also became ex- 
tinct at the end of the Cretaceous 
period but their descendants are 
believed to be the octopuses, squids 
and cuttlefish of today. 

A link between the eight-armed 
octopuses and the ten-armed squids 
and cuttlefishes was discovered at the 
beginning of the 20th century. This is 
Vampyroteuthis — the “Vampire squid’. 
It lives in deep water (down to about 
2 miles), is under a foot in length and 
has an inky blue colour. There are 
eight normal arms joined by a web‘and 
two very small arms which can be 
withdrawn into pockets. Probably the 
small arms function as ‘feelers’. Like 
many creatures of the deep it is well 
equipped with light-producing organs. 
Possessing characters both of eight- 
armed and ten-armed cephalopods, 
Vampyroteuthis is the sole survivor of 
a group thought to have become 
extinct millions of years ago. 
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‘ALES of sea-monsters, furious 
creatures with many arms, huge 
heads and hideous eyes are recorded 
in many past writings. Some of the 
tales are completely fanciful. Others, 
though undoubtedly exaggerated, 
nevertheless seem to be based on actual 
encounters. From their descriptions, 
the monsters seem to have been real 
animals — members of a group today 
called the cephalopods. 

The octopus with its eight arms is 
probably the best known of today’s 
cephalopods. Some 150 different 
species live in the oceans of the world. 
Most of the better known ones inhabit 
shallow coastal waters but some swim 
in open seas or live deep down on the 
ocean bed. The other common 
cephalopods, the squids and the cuttle- 
fish, have ten arms -— usually eight 
ordinary ones and two longer ones 
(tentacles). 

All cephalopods live in the sea and 
have soft bodies not divided into 
segments. They belong to the great 
branch of the animal kingdom called 
the Mollusca—a branch which also 
includes such creatures as the slug, 
oyster and winkle. At first inspection, 
the relationship between these animals 
is not very obvious. It is made clearer 
by considering a cephalopod in an 
upside-down position. 


Like all molluscs they have ang 
outside layer of skin (the mantle) which Wy 


surrounds the internal organs. The 
shell is usually secreted inside the 
mantle. In octopuses it is represented 
by a pair of small rods or a thin plate. 
In cuttlefish it is better developed, and 
forms a calcareous, pec ic ob- 
ject familiar as the cas a 


or sea-biscuit. Squid shells are made 
of chitin. 

Cephalopods differ from other mol- 
luscs in having a distinct head, marked 
off from the rest of the body by a 
narrower ‘neck’. The mantle does not 
cover the head. It stops at the neck 
and there forms a loose fold called the 
collar. The mantle is muscular and 
alternately expands and contracts. 
When expanded, surrounding sea 
water is drawn in around the collar. 
The water fills a space, which lies 
between the inside structures of the 
creature and the mantle. This is the 
mantle cavity and projecting into it are 
two delicate filaments of tissue — the 
gills. The gills absorb oxygen dis- 
solved in the water. 

The water does not pass out the 
same way as it came in. When the 
mantle cavity is full, the entrances at 
the collar are closed with valves. The 
mantle cavity now becomes a com- 
pression chamber. As the muscular 
mantle contracts, the space is reduced 
and water is forced out into the sea 
pin: a single narrow outlet, the 


The ene of the common octopus g 
is about 2 feet. Some octopuses are only 
a few inches across while othe 


Mgee % feet. 


Left, three deep-water squids demonstrate 
the beauty of cephalopod coloration — (1) 
Calliteuthis, (2) Thaumatopampos, 
(3) Histioteuthis. The protrusions stud- 
ding the squids are photophores — organs 
causing tlluminescence. Illuminescence 1s 
common in deep-water creatures. 


underside of the head. When neces- 
sary, the water may be pumped out 
with great rapidity which gives the 
creature jet propulsion in the opposite 
direction to which the siphon is 
pointing. 

The most conspicuous structures of 
all cephalopods are the arms surround- 
ing the head. The arms (together with 
the siphon) really correspond to the 
foot of the snail and mussel. The name 
cephalopod means in fact head-footed 
(Greek, kephale, a head; podos, a foot). 
Feeding 

The eight arms of the octopus are 
equipped with numerous suckers. 
There may be a single or a double row 
according to the species. Each sucker 
is a remarkable structure. It consists 
of a flat muscular disc supported on a 
cushion of tissue. When the octopus 
grabs hold of an object, the outer 
thickened rim of the sucker firmly 
presses against the surface, giving it 
a water-tight contact. Then the centre 
of the disc is raised like a piston by 
muscular contraction. A_ partial 
vacuum is created inside the sucker 
and gives the octopus a strong grip. 
The suckers are very sensitive to 
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REST IT LIKES WARM 
WATERS AND IS RARELY 
FOUND NORTH OF THE 
ENGLISH CHANNEL. 
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mechanical and chemical sensation, 
and are also used as organs for 
exploration. 

The mouth of the octopus is armed 
with a horny beak made of chitin. The 
beak consists of two hard, pointed 
plates which work against one another. 
The lower plate overlaps the upper. 
Poison is produced by specialized 
salivary glands in the mouth. The 
poison quickly paralyses the octopus’s 
prey, but how it is injected is not 
known. The octopus does not have to 
bite to introduce poison. Crabs are 
the usual victims and the venom is 
probably squirted over their gills. 

Finally, inside the mouth there is a 
tongue strengthened with cartilage 
and covered by the radula. The radula 
is a strip of tissue covered with rows 
of curved, rasping teeth. It is also 
found in snails. 

The favourite food of the octopus is 
crab and shellfish, though deep water 
forms appear to live off dead organ- 
isms falling to the bottom. Crabs and 
bivalves are poisoned, then broken by 
the beak and cleaned out inside by 
the rasping radula. The bite of the 
beak is very powerful and can easily 
split quite thick bivalve shells right 
across. The story that octopuses 
patiently wait for bivalves to open 
their shells and then wedge them open 
with pieces of stone is a common 
belief. Though it may be true, there 
is as yet no substantial supporting 
evidence. 

Cuttlefish, apart from their eight 
arms, have two tentacles which can 
withdraw into pockets besides the 
eyes. The suckers which cover the 
whole of the arms and usually just the 
club-shaped ends of the tentacles, 
have teeth on the outer rims. Cuttlefish 
(there are about 80 species) mostly live 
in shallow water among rocks or on 
sand. ‘Theyedawerof.prawns, shrimps, 
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ba? 3 9 ee a. 
Left, Nautilus — the only survwor of a 
group 500 million years old. Right, female 
and male, Argonauta — strange octopuses 
which swim in warm surface waters. The 
Semale may grow up to a foot in length, the 

male rarely more than half an inch. The 
‘shell carried by the female is not a true | 
shell. It ts secreted by the broadened tips of 
the first two arms. The function is to 
shelter the eggs. 
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Diagrams showing the basic similarity 
between the three big eye of Mol- 
lusca. The cephalopod is best compared 
with the gastropods (snails and slugs) 
and the lamellibranchs (bivalves) in 
an upside-down position. 
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SUCKERS OF OCTOPUS 


AND SQUID _ 


SQUID SUCKERS __ 
MODIFIED INTO RETRACTABLE CLAWS 


Different types of sucker in the octopus, cuttlefish and squid. 


crabs and small fish. 

Squids also have eight arms and 
two tentacles. There are about 350 
species and they are the commonest 
of all cephalopods living. The food 
ranges from minute floating plankton 
to large fish. A few squids, in addition 
to normal toothed suckers have some 
modified into retractable claws just 
like those of a cat. Claws are excellent 
structures for obtaining a firm grip on 
slippery, fast-moving fish. 

The giant squid has a body up to 
12 feet long and with tentacles fully 
extended, may measure more than 
60 feet — the largest mollusc known, in 
fact the largest animal without a 
backbone. Its agility and fierceness 
make it one of the most dangerous 
animals of the sea. Undoubtedly it is 
the legendary Kraken of old sea tales. 
Hunters and Hunted 

Octopuses are very fond of nooks 
and crannies on the sea floor. If they 
cannot find a natural den, they make 
one by blasting out sand and gravel 
with a powerful jet of water from their 
siphons. The entrance to their den is 
commonly half closed by a pile of 
stones and empty shells. 

One method of obtaining food is to 
i¢ low in the lair and wait for un- 
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suspecting crabs to pass by. The 
octopus possesses remarkable powers 
of changing colour, surpassing even 
the chameleon. This ability enables 
it to remain well camouflaged. On the 
appearance of a crab a coiled-up arm 
is put out, and unrolled rapidly over 
the sea floor. On other occasions the 
octopus actively emerges and seeks 
its prey. 
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pite their formidable armament, have 
many enemies. The deadly enemy of 
the octopus is the voracious Moray 
eel, while large fish, seals, whales, 
penguins and albatrosses all eat cuttle- 
fish and squid. Even the giant squid 
is not without its foes. Its encounter 
with the enormous sperm whale must 
be a titanic battle. Though the battles 
are rarely witnessed, the stomachs of 
slaughtered sperm whales often con- 
tain undigested remains of large 
squids, while the surface of their skin 
may be scarred with the marks of the 
squid’s 5-inch suckers. 

One other device for defence is the 
thick, dark-coloured ink secreted by 
an ink-sac near the gills. The ink is 
carried to the siphon by a long duct 
and from here it is discharged when 
the animal is in danger. It was once 
thought that the discharge of a cloud 
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Belemnites which lived in Jurassic and Cretaceous times are the probable ancestors 
of octopus, squid and cuttlefish. The illustration shows how the shells of present-day 
descendants have evolved from the original form. Octopuses have only a vestige of a 
shell or have lost it altogether. 


The ability to change colour accord- 
ing to background is also possessed by 
cuttlefish and squids. The mechanism 
is useful not only when lying in 
ambush for prey. It is also valuable in 
avoiding enemies. Cephalopods, des- 


of ink acted rather like a smoke screen. 
This is probably true of cuttlefish; in 
other cephalopods the ink is mixed 
with mucus and retains a definite 
shape in the water, too small to conceal 
the animal. Most likely it acts as a 
dummy confusing and distracting the 
attacker while the cephalopod rapidly 
changes colour and is jet propelled ina 
different direction. The ink also seems 
to paralyse the sense of smell of some 
attackers, giving the cephalopod an 
even better chance of escape. 


The common cuttlefish catches a prawn. 
Cuttlefish and squid usually swim using 
flap-like extensions of the mantle as fins. 
Jet propulsion using the siphon is reserved 
for emergencies. 
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An Agfa miniature camera showing the various adjustments. The 
aperture is set at stop f8 and the lens is focused on an object ten 


VIEWFINDER 


feet away. The marks opposite the f 8 positions on the depth of 
field scale show that the depth of field is from 8 to 15 feet. 


HE lens of a simple camera consists 
of a single convex piece of glass 
(or even plastic) which focuses light 
from the object onto the film.. All 
simple lenses suffer from defects, how- 
ever, which tend to distort the image. 
All but the cheapest cameras have 
compound lenses made up of two or 
more elements. These are chosen so 
that most of their individual defects 
are corrected by another element. A 
really good camera lens may have six 
or more elements. 

A compound lens acts as a simple 
one, in that it has a definite fixed 
focal length. The focal length is the 
distance between the lens and the 
position of the image when the light 
rays reaching the lens are parallel. The 


focal length of a lens does not vary as the 
lens 1s moved in and out. When focusing 
on a distant object, the lens is moved so 
that the Uistance between it and the 
film equals the focal length. Rays from 
distant objects are very nearly parallel 
and the image is then sharp on the 
film. If the object is nearer to the 
camera, the light rays are not parallel, 
and the image would be formed just 
behind the focal plane (i.e. just behind 
the film). To bring these nearer objects 
into focus in the film, the lens is moved 
forward, until the image falls on the 
film. The lens is normally moved for- 
ward in a screw-thread on whose rim 
are numerous figures indicating the 
focusing distances. 

Some cameras can be fitted with 
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A lens of twice the focal length gives an image twice as high. Cameras that produce 
large negatives of a given object must therefore have long focal-length lenses. 


-« 


In the simple box camera there is a 
simple lens in a fixed position. It is 
arranged so that everything beyond 
about six feet is in reasonable focus on 
the film. There is a fixed aperture size 
and the shutter has only one speed. 
Every time the shutter opens, a fixed 
amount of light enters the camera. 
This means that for a given film the 


camera will give a good picture only 
under certain light conditions. More 
expensive models contain moveable 
lenses which allow focusing of objects 
at various distances. They also have 


adjustable shutters and apertures 
which let in more or less light as 
required. More light is required when 
the light is dull than when it is bright. 


lenses of different focal lengths. But 
the negative is always the same size so 
lenses of ‘different focal lengths give 
different fields of view. A lens of short 
focal length (called a wide-angle lens) 
includes a lot in the picture. A long- 
focal-length lens includes only a small 
field of view but as this also fills the 
picture, the individual objects must be 
larger. This is the basis of the telephoto 
effect. Lenses of long focal length are 
used to magnify distant objects. 
Cameras using interchangeable lenses 
must have adjustable view-finders too, 
to show the exact field of view for each 
lens. In the single-lens reflex however, 
the view-finder picture comes through 
the lens and no accessories are re- 
quired. 

The focal length of a lens is nor- 
mally marked on its rim (e.g. 50 mm) 
but there is also another figure given 
such as f 2°8. This is a measure of the 
‘speed’ of the lens. The speed depends 
on the area of the lens and its focal 
length. Two lenses of equal area will 
pass the same amount of light. But 
if the focal length of one is twice that 
of the other, the same amount of light 
will be spread over an image area four 
times as big and the lens will be slower. 
The shutter must stay open four times 
as long to allow enough light to reach 
the film. To find the speed of a lens 
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the focal length is divided by the lens diameter. The larger 
the lens, the faster it will be if the focal length is constant. 
The effective speed ofa lens can be reduced by reducing the 
size of the aperture. 

An adjustable aperture or iris diaphragm consists of a set 
of metal ‘leaves’ set in a circle. They can be adjusted to give 
any required aperture. The aperture and the shutter are 
complementary features. Under given conditions, a smaller 
aperture needs a longer shutter exposure and vice-versa. 
The adjustable aperture allows sufficient light in, even 
when the shutter is open for only a very short period of 
time — such as is necessary to take pictures of fast-moving 
objects. ; 

The size of the aperture can be set at any value but there 
are a number of recognized settings (stops or f-numbers) that 
are marked on the aperture adjustment ring. On a typical 
camera these may run from 2°8 to 22. Going up the scale 
from one number to the next halves the amount of light 
going through. In other words it halves the effective speed 
of the lens. The exposure time must be doubled therefore 
for a correct exposure. 

There is, however, another very important point to 
remember about apertures. The aperture controls the 
depth of field. If the camera is focused on an object fifteen 
feet away, some objects nearer and farther away will also 
be in focus. If the aperture is wide open there will only be a 
small depth of field — say between fourteen and sixteen feet. 
But if the photographer stops down (i.e. closes the aperture) 
to say f 8 then the depth of focus may be from eight feet to 
thirty feet. The depth depends also on the focal length of 
the lens and of the distance of the object being photo- 
graphed. When the aperture is reduced, the cone of light 
reaching the film is narrow and blurring is less apparent. 
More objects then appear to be in focus. 


The ‘stopping points’of the aperture diaphragm are a series 

of decreasin fateles: The largest aperture is designated 

aperture |. At each step the area of the circle is halved and 

so the diameter of the first is divided by |-4, then by 2, then 

by 2-8 and so on. These are the stop numbers, and they are the _ 

approximate square roots of the amounts by which the original 
_ aperture area is reduced. eee 
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A diagram to show the fields of view of short, medium and long 
focus lenses. The short focus lens includes a lot in the picture and is 
also called a wide-angle lens. Because each field of view is reduced 
to the same size on the film it follows that individual objects will 
be made larger by the long focus lens (see insets). 
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AGE FROM LONG-FOCUS LENS 


PROPERTIES OF MATTER 


N almost every building there is a 
layer of water-proofed felt about 
one foot above ground level and run- 
ning right through the walls. This 
damp-proof course is absolutely necessary 
because if it is not there, damp is 
quickly drawn up into the walls from 
the ground and the building becomes 
unfit to live in. The force which lifts 
this water up into the walls is called 
surface tension. 

A molecule in a liquid is attracted 
by the other molecules. Molecules on 
the surface are drawn towards those 
inside. This is why liquids take up the 
shape of a round drop — because there 
is the least possible number on the 
outside when the liquid is this shape. 
This tendency to shrink causes the 
surface to have a tension in it — surface 
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tension. Because of the inside forces, 
the surface appears to act like a 
stretched elastic skin. 

Molecules of liquid are also 
attracted to molecules of a solid like 
the walls of a container holding the 
liquid. This explains the typical curled 
up shape (meniscus) where water 
meets glass and the rise of water in a 
fine bore tube, such as a capillary 
tube. The adhesion between the water 
molecules and the glass molecules is 
greater than the force of attraction 
between the water molecules and the 
liquid is drawn up the surface. Water 
rises in a wall for the same reason. 
The fine spaces in the _ building 
materials of the wall act as capillary 
tubes. 

When a long piece of wire is lifted 
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FINDING SURFACE TENSION 
BY CAPILLARY RISE 


The microscope measures the distance be- 
tween the height of liquid in the capillary 
tube and the pin point. 


from a water surface, the water surface 
adheres to it on the two sides of the 
wire. If the wire is hung from one 
arm of a chemical balance, the surface 
tension force which holds it back can 
be measured. On cutting the piece 
of wire in half it is found that the sur- 
face tension force is half of what it 
previously was. This shows that the 
force exerted by the water surface 
depends on the length of wire surface 
to which it clings. Consequently, the 
surface tension of liquids is measured 
in force/per unit length of surface 
which it drags on, or in dynes/per cm. 
(The dyne is the unit of force in the 
metric system.) 
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The surface tension balance. From one arm 
of a balance hangs a clean glass plate which 
is pulled into the liquid by surface tension. 
The surface tension 1s measured by balancing 
it with the other pan. 


Oil is drawn up the wick of a candle by 
capillary action. 


The reason for the different be- 
haviour of liquid surfaces is still not 
completely understood. The effective- 
ness of soaps and detergents depends 
on their ability to reduce the surface 
tension of water. Surface tension de- 
creases with rising temperature but 
there is no satisfactory formula con- 
necting it with the density, com- 
pressibility etc. of the liquid. For this 
reason surface tension is always 
determined by experiment. There are 
a number of simple experiments for 
finding a liquid’s surface tension. 
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The Capillary Rise Experiment 

When a capillary tube is placed in a 
liquid, the liquid rises to a certain 
height (except mercury, which goes 
down below the level of the rest of the 
mercury). Capillary action is also the 
reason why liquid candle grease goes 
up a wick. If the height of liquid is 
measured then the upward force of 
the liquid’s surface tension acting 
around the circumference of the top 
of the tiny thread of liquid, must be 
equal to the weight of that extra height 
of liquid. The circumference and 
weight of liquid depend on the width 
of the capillary tube, so if this is known, 
then the surface tension can be worked 
out. 
Ripple Method 

Tiny ripples on any liquid, such as 
can be seen on a water surface on a 
calm day, are caused by the expansion 
and contraction of the elastic-like 
surface. Their speed depends on the 
surface tension, and by measuring the 
speed of the ripple in the liquid the 
surface tension can be found. (The 
speed of large waves, such as ocean 
waves, has no relation to the surface 
tension.) If the number of ripples 
produced per second, i.e. the fre- 
quency, and the wavelength, are 
known, then the speed = wavelength 
x frequency. 


In the experiment, the ripples are 
produced on the liquid surface by a 
piece of metal attached to a tuning 
fork kept vibrating by an electro- 
magnet. Another identical tuning fork, 
switches on and off a light at the same 
frequency. This means that the ripples, 
though moving, are seen as stationary 
by the person carrying out the experi- 
ment, since the light flashes on when 
each following ripple is in the same 
place. This is the stroboscopic effect. 
The distance between each tiny ripple 
when it appears stationary is measured 
with a microscope. This distance is 
the wavelength. As the frequency of 
the fork is known, the speed of the 
ripples and consequently the surface 
tension of the liquid is found. 

The Surface Tension Balance 

In this experiment the force of 
surface tension is measured. 

A clean glass plate is hung from a 
balance arm and weights are placed 
in the other pan until a balance is 
obtained. When a liquid surface of 
unknown surface tension is brought 
up to the bottom edge of this plate, the 
liquid surface breaks and the mole- 
cules attach themselves to the two 
sides of the glass in meniscus shapes. 
Immediately the plate is dragged 
down, and more weights must be 
added to bring the plate back to the 
surface. Weights are added until the 
bottom edge of the plate is level with 
the rest of the liquid’s surface. This 
removes any buoyancy effect of the 
liquid on the glass plate. It is easy to 
calculate the surface tension now 
because when the plate is at this 
position, the extra weights added to 
the pan, must equal the downward 
force of surface tension dragging down 
the two sides of the plate. 


The walls of a bubble try to contract due to 
their surface tension. This force is balanced 
by an excess pressure inside the bubble. 
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CARTILAGE-—the 
BODY’S SHOCK ABSORBER 


MAN running along the road 

crashes his foot to the ground with 
considerable force at every stride. 
Without bone or other skeletal sup- 
port he could not do this for the force 
of landing would hopelessly compress 
the softer tissues of the leg. The skele- 
tal tissues resist compressional forces 
acting this way. If the legs contained 


CARTILAGE 
OF NOSE 
AND EARS 


JUNCTIONS OF 
RIBS WITH 
BREASTBONE 


HUMERUS” 


A ‘transparent man’ drawn to show some of 
the positions where cartilage (blue) is 
Sound. It is also found in various tendons and 
ligaments where they join the bones. 


bone only, nasty shocks would be 
transmitted from one bone to another. 
This does not happen because another 
skeletal material — cartilage — cushions 
the joints and absorbs the shock. 
Cartilage is tougher and stronger than 
most connective tissue but not so rigid 
as bone. It resists both compression 
and extension. 


The whole skeleton of sharks and 
rays is formed of cartilage — these are 
the cartilaginous fishes. In other adult 
vertebrates, however, cartilage is 
found only in certain regions such as 
joints. Parts of the embryo skeleton 
are made of cartilage but this is later 
replaced by bone. 

Under the microscope cartilage 
shows up as a clear matrix in which are 
embedded numerous small groups of 
cells. These cells (chondroblasts) lie in 
fluid-filled spaces (lacunae) and secrete 
the matrix which is called chondrin 
(pronounced condrin). Compression 
forces are resisted mainly by the fluids 
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A section of cartilage tissue. At the outside 
the cells are close together. As they secrete 
chondrin they get further apart. 


in the cell spaces. The chondrin itself 
is slightly compressible and _ elastic 
and it absorbs shocks such as would be 
transmitted through the leg bones 
when a person is running. 

Cartilage surrounding the ends of 
bones at their joints and lining the 
wind-pipe is known as hyaline cartilage. 
There are relatively few fibres in it. 
Fibrous cartilage, however, contains 
lots of collagen fibres. They help it 
to resist extension. The intervertebral 
discs of the back-bone are composed of 
fibrous cartilage and it is also found 
where tendons and ligaments join 
bones — especially at the joints. 

Elastic fibres are found in some car- 
tilage — for example that at the tip of 
the nose and that forming the outer 
ear. This type of cartilage is flexible 
and is called elastic cartilage. 

Each mass of cartilage (except at the 
ends of bones) is surrounded by a 
sheath of tough connective tissue 
called the perichondrium. This sheath 
contains blood vessels from which food 
materials diffuse out to the cartilage 
cells. New cartilage cells are built up 
from the cells of the perichondrium. 
Cells on the inside of this layer break 
away and gradually turn into cartilage 
cells. They begin to secrete chondrin 
and each group of cells becomes 
separated by the accumulating mat- 
rix. A section through the cartilage 
shows that the cells near the edge are 
much closer together and less speciali- 
zed than the older cells near the 
centre. 
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A CONSIDERABLE part of space 

and other research nowadays 
calls for the use of high vacua. Space 
craft must be tested in the low pressure 
SCOOLING COILS environment which they will en- 
ANY EscaPinc | COUNter in space. 


PUMP FLUID 


THAT DOES NOT To do this ,;chambers are required 
CONDENSE ON 


THE WALLS, where the pressure can be reduced 
INSIDE HERE. until it equals that in space. 
This is one example of a modern 
application of low pressure techniques. 
Another is in nuclear physics. Very 
high vacua are needed in order to 
wT prevent atomic collisions in the 
ee accelerators that produce high speed 
A oo ge coe atomic particles. High vacua tech- 
niques are also important in the 
electronics and many other industries. 
The pressure of the atmosphere is 
760 mm of mercury (760 torr — the 
unit of pressure, the torr, is equal to a 
pressure of 1 mm of mercury.)/To have 
a lower pressure than atmospheric it 
is necessary to use a vacuum pump. 
There are many different sorts of 
pumps, each of them being designed 
to work in a particular pressure range. 
For example, the rotary pump which 
has a mechanical pumping action will 
only reduce the pressure in a vessel 
from atmospheric pressure to 0° 1 torr. 
Cross section through a four stage vapour diffusion pump. Diffusion pumps have a high After this another pump called the 
pumping speed and are also able to extract condensable vapours which would condense in the vapour diffusion pump must be used. 
moving parts of a mechanical pump. The two pumps are connected up to 


WATER 
CIRCULATED 
IN THESE 
COOLING COILS 
CAUSES PUMP 
FLUID TO 
CONDENSE ON 
WALLS 


THIRD: STAGE © ¢ = 


HIGHER 
DENSITY 
AND 
PRESSURE 


PRIsING = 
VAPOUR MOLECULES 


HIGH VACUUM APPARATUS 


SHIELD 
AROUND 
BOILER 


TO 
CONSERVE 
HEAT 


BACKING PUMP 


1834 


VESSEL BEING 
EVACUATED 


VAPOUR PRESSURE 


ESCAPING | 
VAPOUR MOLECULES 
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SOME GAS MOLECULES 
ARE TRYING TO DIFFUSE 
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A one stage pump. Mercury or oil of low 
vapour pressure is boiled at the base of 
the pump. The vapour under pressure 
rises up and shoots out at very high speed 
from jets at the top. 


the vessel at the same time, the rotary 
pump evacuating through the diffusion 
pump. When the pressure reaches 
0-1 torr the diffusion pump is started. 

The vapour diffusion pump under 
proper conditions can produce a 
very high vacuum—up to about 
‘900000001 (107%) torr. Unlike the 
rotary pump there are no moving 
parts in the diffusion pump. Its 
pumping action depends on catching 
in a stream of vapour, the molecules 
which are naturally diffusing out of 
their own accord from the vessel being 
evacuated. Since these molecules are 
diffusing out with random velocities 
of about 500 metres per second the 
vapour must be moving very fast (at 
supersonic speed) if it is to catch and 
hold them. 

The pump consists of a wide 
cylinder at the base of which is a boiler 
in which mercury or an oil of low 
vapour pressure is boiled. Vapour 
under pressure travels up through a 
sort of chimney inside the cylinder. 
At the top are downward pointing 
jets. The vapour shoots downwards 
at supersonic speed from these jets 
and sweeps up any molecules which 
have diffused out around the jets, and 
carries them down to the base of the 
cylinder. There, the vapour condenses 
on walls which are specially cooled 
for this purpose, and runs back into 


BACK, BUT THEY WILL BE 
CAUGHT IN THE STREAM 
OF VAPO! 


Any molecules which have diffused out of the 
mouth of the vessel connected to the pump 
are struck by the high speed vapour mole- 
cules and — a downward velocity. The 
vapour and gas molecules shoot down and 
hit the cooled walls of the pump. 


the boiler. Meanwhile the molecules 
of the gas which have been carried 
down are drawn off at the base of the 
cylinder by another vacuum pump 
called a backing pump. This is usually 
a rotary pump. If this pump were not 
there, all the molecules which have 
been carried down would diffuse back 
again into the vessel. 

Since the pressure and density at 
the bottom are greater than at the top 
the molecules at the bottom will 
always have a tendency to diffuse back 
to the top. The fluid in the boiler 
must be heated at such a rate that the 
vapour stream which acts as a moving 
‘seal’ against the back diffusion of the 
molecules is sufficiently dense to pre- 
vent this. This is also an important 
point in the design of the chimney and 
jets. 

A small number of the high 
temperature vapour stream molecules 
will try to diffuse back into the vessel 
being evacuated. To prevent this, a 
cooled trap made of angled plates 
slows them down and intercepts them. 
Cold refrigerated flasks to condense 
the mercury or oil are sometimes used 
as well. 

The design of the pump for oil or 
mercury is virtually the same. Since 
mercury easily amalgamates with 
other metals and dissolves them, mer- 
cury pumps must be made of steel or 


UR 


There, the vapour condenses and runs 
back into the boiler. The gas molecules are 
drawn off by the backing pump. Some of 
the gas molecules try to diffuse back but 
are carried down again by the underneath 
of the vapour stream. 


glass. Great cleanliness is required 
in vacuum work as even a single tiny 
particle of foreign material will vapor- 
ize to many times its own volume at 
low pressure. 


Uses of High Vacua 

Besides being important for the 
evacuation of accelerators and electron 
microscopes and so on, low pressures 
are needed for the sterilization and 
storage of tissue. They are also needed 
to a great extent in the food processing 
industry. The sh clea of thin films 
on astronomical mirrors and the 
metallizing of many everyday articles 
is accomplished by heating the metal 
in a low vacuum chamber. The metal 
vapour evaporates and leaves a coating 
on any surface nearby. 

There are many snags to be over- 
come in vacuum technology. The parts 
of the pumping plant are connected 
up by specially designed joints and 
seals. Low vapour pressure greases 
which will not evaporate at the low 
pressures seal off all connections, be- 
cause if a leak should develop it might 
take days to locate it. As the pressure 
gets near to the limit of 10°° torr, 
the major hindrances to a lower 

ressure are gases which are liberated 
rom the inside surfaces of the vessel 
being evacuated. These gases which 
are adsorbed in the surface layers are 
all driven off at once by lowering an 
oven over the vessel and baking it. At 
still lower pressures, molecules from 
the outside diffuse through the glass 
walls. This effect is reduced if the 
evacuated vessel is enclosed inside © 
another one. 
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INORGANIC CHEMISTRY 


iG is no use purifying a metal in the 

hope that it will become stronger. 
Most pure metals are soft and do not 
have much mechanical strength. They 
would be far too weak for the majority 
of engineering purposes. Pure iron is 
extremely weak and railway bridges 
and girders made from it would 
quickly collapse. 

Weakness and brittleness tend to 
characterize any metal which has been 
cast by pouring it into a mould and 
allowing it to set. Metals cast in this 
fashion can be strengthened by some 
form of mechanical treatment like 
hammering and rolling. Although it 
helps, even rolling and forging a really 
pure metal does not give sufficient 
hardness and strength to be of any real 
use. 

Most metals are therefore not used in 
their pure form, but are mixed with 
other metals to form alloys. There can 
be two, three, four or any number of 
different metals in a single alloy. The 
binary alloys, made by mixing two 


An alloy is a mixture of two or more metals. 
Alloys consisting of two metals only are 
called binary alloys. 


molten metals together, are naturally 
the simplest alloys to understand. 

The number of possible alloys is 
enormous because most combinations 
of metals will mingle together and 
alloy satisfactorily. Just a few will not. 


COPPER GRAINS 


: ; ENVELOPE 
, OF 
WEAK ALLOY ’ BISMUTH 
OF COPPER 4 ROUND 
AND BISMUTH Y THEM 


Most alloys are stronger than the parent 
metal, but some are much weaker. Bismuth 
greatly weakens copper because it forms a 
brittle envelope around each copper grain. 


Not all of these alloys are improve- 
ments on the original pure metal. 
Sometimes the original metal is wor- 
sened by additions. Adding a small 
amount of the metal bismuth to 
copper only makes it brittle and 
useless. The bismuth forms a tiny weak 
envelope around each copper grain 
and when any stress is applied, the 
copper breaks and shatters at the 
boundaries between the grains. 

The alloys that are improvements 
find their way into common use and 
the others are rejected. Stainless steel 
is one alloy which has become very 


To form an pa two or more metals must mingle together. As there are several different ways in which this can happen, there must 


also be several different types of alloy. 


Two molten metals can be absolutely soluble in one another, with the atoms of each metal free to wander around in the solution just 
like the atoms and molecules in any other true solution. 
When a mixture like this solidifies, two different things can happen. In one type of alloy, the two metals remain completely dissolved 
in one another. Examination under a microscope shows the same type of crystal throughout the alloy and no trace of any crystals of 
either of the pure metals. This is complete solid solubility and the alloy is a one phase alloy. 


On solidification the two metals may be only partial 


soluble in one another. The solid alloy is made up of two different types of 


crystal. One type consists largely of one metal with a little of the other dissolved in it, while the other type of crystal consists largely of 
the other metal. This is a two phase alloy and is probably the most common type. 
When the two metals are insoluble in one another, crystals of one of the pure metals are embedded in a finely dispersed metallic 


mixture. 


Ms 


ALY | 
by Spl) 


Complete solid solubility. One metal has 
dissolved completely in another. There is 
no a of crystals of either of the pure 
metals. 
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Partial solubility. 

A two phase structure. Most alloys are of 
this type. Crystals of one composition are 
embedded in crystals of another. 


Two metals are insoluble. Crystals of one 
pure metal are embedded in the other. 


Solder 


TH 
BEEN SOLDERED 
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Solid solutions 


Eutectics 


The third class of alloys, those 
that show little or no solubility often 
form what is called a eutectic. Here, 
the two metals concerned have the 
effect of lowering each other’s melting 
points. Ultimately at one specific com- 
position the ee solidifies at a single 
composition as if it were a pure metal. 
This is called the eutectic point. Here 
an instantaneous transformation from 
liquid to solid takes place. 

_ At all other compositions the alloy 
displays the normal solidifying be- 
haviour and freezes over a range of 


temperatures. = 


popular because of its resistance to 
corrosion. It consists largely of iron 
alloyed with a high proportion of the 
metal, chromium. The chromium 
present forms a tough oxide layer on 
the surface of the steel which prevents 
the iron beneath from being corroded 
by the atmosphere. Whenever the sur- 
face of the steel becomes scratched, the 
newly exposed chromium quickly oxi- 
dizes to form a fresh protective layer, 
and the steel stays bright and shiny. 

New alloys are being constantly 
developed for very specific purposes. 
Some are designed to keep their . 
strength and general properties even 
at very high temperatures; others are 
developed for increased strength. Alu- 
minium alloys have proved very useful 
in the aircraft industry where a high 
strength is required from a very light- 
weight alloy. Many of these aircraft 
alloys are made suitable for use by a 
special process known as precipitation 
hardening. 


The carbon impurity has strengthened the iron. It 
1s now more difficult to push one atomic plane 


There are two types of solid solution depending on the over another. 
relative sizes of the metal atoms involved. 

In a substitutional solid solution the two types of metal have 
atoms that are about the same size. A foreign atom can take a 
place in a lattice structure without too much distortion of the 
lattice. 

In an interstitial solid solution the foreign atoms are very 
much smaller and do not take up a place in the lattice. Instead, 
they squeeze into the gaps or interstices. Carbon and hydrogen 
with their small atoms can do this very well. Steel is an inter- 
stitial solid solution with atoms of carbon fitting in the gaps 
between iron atoms. 


Substetutional soltd solution copper and silver atoms are about the Steel, an interstitial solid solution. Carbon atoms are small and 
i size. Stlver atoms can take the place of copper in a copper manage to squeeze in the gaps between the atoms in the tron lattice. 
attice. 


SUBSTITUTIONAL 
SOLID SOLUTION 


G 
SILVER ATOM. 


| CIVIL ENGINEERING | 


CONCRETE 


BRIDGES and barns, towers and 
tunnels, chimneys, cathedrals and 
car parks are among the many struc- 
tures which in recent years, have been 
built in concrete. Although natural 
cements were used by the Romans, the 
art of making concrete with natural 
cement was forgotten for many cen- 
turies until John Smeaton used it in 
building the Eddystone lighthouse 
(1756). 

About 140 years ago John Aspdin 
patented a method of making cement 
by fusing lime and clay. Some of the 
early concrete structures were clumsy 
because of their bulk, but improve- 
ments in design and the introduction 
of new techniques have made possible 
the erection of many slender bridges 
and elegant buildings. 

As a building material concrete has 
much to commend it. In comparison 
with many other materials concrete is 
quite cheap, and can be moulded to 
any required shape quite easily. An- 
other great advantage is that concrete 
has greater durability than the major- 
ity of other building materials. For 
instance, it will withstand fire for quite 
a long time. 

In industrial areas concrete stands 
up well to the effects of wind, rain and 
also sulphur dioxide which is a prob- 
lem with many other materials. Fur- 
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thermore, concrete, once it has har- 
dened, requires no painting or other 
maintenance. 

Many of the older concrete struc- 
tures were condemned architecturally 
because of the lack of variety of surface 
finish. At first, the only way of over- 
coming these criticisms was to erect 
the skeleton of the structure in con- 
crete, and to cover this framework 
with the more attractive but conven- 
tional building materials such as brick 
or stone. But now new developments 
have shown how to make concrete 
attractive and interesting in appear- 
ance. 

Concrete may be coloured by the 
use of coloured cement. Other attrac- 
tive finishes may be obtained by using 
suitable crushed stone in the mixes. 

The four essential components of 
concrete are cement, water, sand and 
stones, which are mixed in carefully 
controlled quantities. The cement and 
water react to give cement paste which 
coats the sand and stone and binds 
them together in a mass. 

In order that the concrete shall be 
as strong as possible, every effort must 
be made to exclude air pockets, which 
tend to reduce the great strength of the 
concrete. So one of the functions of 
the sand (or fine aggregate as it is 
called in the trade) is to fill the gaps 


Diagram showing the four components 
of concrete in their correct propor- 
tions by volume. Sand grains fill the — 
spaces between the stones while the — 
cement paste binds them into one 
mass. 


FOR 

SMALL 

PROJECTS 

OR ON SITES 
WHERE SPACE IS 
LIMITED, IT IS 
OFTEN CONVENIENT 
TO USE READY- 
MIXED CONCRETE 
DELIVERED FROM 
AN AGITATOR 


‘TAMPER’ 

BEING USED 
TO REMOVE 
AIR POCKETS 


One of the many advantages of concrete is 
that it can be moulded into any shape easily. 
This picture shows a section of concrete road 
being laid. 


between the stones (or coarse aggregate). 

As the stones and sand are held to- 
gether in the one mass by the cement 
paste adhering to the surface of these 
inert materials, it is essential that they 
are clean. In particular, there should 
be no clay on the surface of the stones. 
It is for this reason that sand and 
stones need to be washed before going 
into the concrete mixer. This must be 
done by the suppliers at the pit or 
quarry. 

The bonding of the stones and sand 
results from chemical reactions be- 
tween the cement and the water. 
However, only small quantities of 
water are required for this purpose, 
but slightly more water is needed to 
make the concrete sufficiently plastic 
for it to be completely compacted, i.e. 
without residual air pockets. The use 
of too much water reduces the strength 
of the concrete, so that ideally the 
water content should be the minimum 
necessary to provide complete con- 
solidation. 

The proportions of cement powder, 
fine and coarse aggregate are impor- 
tant if a satisfactory concrete is to be 
produced. For many applications, the 
usual proportion of cement to fine and 
coarse aggregate is 1: 2: 4, though in 
instances where strength is not im- 


portant a weaker mixture (e.g. 1: 3: 6) 
is satisfactory. 

Householders wishing to lay con- 
crete paths or do similar odd jobs often 
buy sand and stones already mixed. 
This may be dangerous as_ these 
mixes, described as ‘all-in’ ballast, are 
liable to contain too much of the fine 
aggregate. Since some of the spaces 
(voids) between the large particles are 
already occupied by sand a mix of a 
part cement to 5 parts combined sand 
and stones is equivalent to a mix of 
a 3 

The amount of water required 
depends largely upon the use that may 
be made of the concrete, but for 
general work it will be found that 
durable concrete can be produced by 
mixing 5 gallons of water to each bag 


= ee 
STEEL REINFORCING GRID 


(TO GIVE ADDED STRENGTH) 
IS BURIED IN THE SLAB. 


of cement (1 cwt). 

Concrete, provided it is correctly 
mixed and placed, has great mechani- 
cal strength and durability. The 
strength is mainly derived from the 
bonding of particle to particle by the 
hardened cement paste and may be 
tested by compressing sample cubes. 
As a result of adding water to the 
cement, new chemical compounds are 
created. These reactions start im- 
mediately the water is added to the 
mix and continue for days, weeks or 
even years after the concrete is laid. 

Although concrete appears to be 
completely hard after perhaps 8 hours, 
in fact hardening continues over a 
much longer period. The formwork 
around the concrete may, therefore, 
have to be left in place for two or three 


Another advantage of concrete is that it has better fire resistance than most other building 
materials. This picture shows a building seriously damaged by fire. Its concrete frame ts 


virtually undamaged and this made possible the recovery 


of some of its contents. 


days until the concrete is strong 
enough to support its own weight 


- independently. 


Concrete has considerable strength, 
but it is restricted to strength in com- 
pression (when it is squeezed). It has 
very little strength if it is stretched (is 
in tension). This can be seen quite 
easily if a concrete beam supported at 
its ends is loaded at its mid-point. 
After a while cracks start to form in 
the underside of the beam, but there is 
none in the top. The top is in compres- 
sion, while the lower edge is in tension. 

This weakness of concrete in tension 
is overcome by incorporating mild 
steel rods into the concrete where ten- 
sion is likely to occur. They are not 
necessary where the concrete is in 
compression, because the concrete 
itself is well suited to withstand com- 
pressive forces. 

Reinforced concrete does not, there- 
fore, make full use of the whole 
concrete section. In the area under 


To give them a more attractive appear- 
ance, concrete buildings can be given 
a variety of surface finishes, such as the 
one shown here. 


tension, the concrete’s function is to 
protect the steel and to enable both the 
steel and the concrete to act as a single 
unit. 

By replacing the steel with a com- 
pressive force the whole concrete sec- 
tion is brought into play. In this way 
smaller sections, longer spans and 
thinner columns became possible and 
make concrete more attractive to 
architects. The compressive force, or 
prestress, is applied by means of a high 
strength steel tendon. 

Some of the many uses of reinforced 
and pre-stressed concrete will be dis- 
cussed in more detail in other articles. 
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THE AFRICAN LUNG FISH. 
THE PAIRED LUNGS HAVE 
MOVED FROM BENEATH THE 
GUT TO A POSITION 

ABOVE IT 


. STRUCTURE 


Left, the African lungfish. The two lungs lie above the gut though the air duct ts connected 
to the undersurface. Above, possibly how the lungs developed. In stagnant pools certain 
fish supplemented their oxygen supply by gulping air. Oxygen was absorbed first through the 
mouth walls, then through a downgrowth of the pharynx surface. 


The STORY of the LUNG 


iA CERTAIN kind of African river 
fish will drown if it is held under 
the water for very long. Like all other 
fish, it possesses gills—thin strips of 
skin for absorbing oxygen from the 
water. But its gills are not very effec- 
tive. Most of the oxygen used by the 
creature is absorbed in the same way 
as Man obtains his supply — by breath- 
ing air into the lungs. This strange 
African fish has very close relatives, 
one in South America, and one in 
Australia. They are the surviving 
members of a group of fish called the 
Dipnoi or lungfish. 
Lungfishes live in water which may 
become stagnant. The oxygen content 
UNDERSURFACE OF THE i” 
ie, ’ 


AIR SACS 
HAVE 


SMOOTH LININGS - 


LITTLE 


LE GOOD 
FOR RESPIRATION. 
THEY ACT AS 


The lungs of birds are small. But accessory 
aw sacs act as gigantic pumps and circulate 
large quantities of air. 


of such water falls very low. Some- 
times, in hot weather, the pools and 
rivers dry up and may leave the fish 
stranded. These conditions would be 
fatal for other fish, but lungfish, 
breathing directly from the atmo- 
sphere overcome the difficulty. 
Lungs are thought to have been 
developed hundreds of millions of 
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years ago, when certain fish, living in 
similar conditions to the present-day 
lungfish, supplemented their oxygen 
supply by swallowing air. At first the 
oxygen would be absorbed into blood 
vessels lining the mouth and first part 
of the gut (pharynx). Then, increasing 
the surface area over which oxygen 
could be absorbed, a downgrowth 
or pocket from the pharynx appeared. 
It was probably first a simple structure, 
but later took the form of two lobes 
which finally separated into a pair of 
lungs. 

The lungfishes living today are 
thought to be close descendants of this 
early stock. They differ however in 
having their lungs above the gut — that 
is in the dorsal part of the body. The 
primitive lungs are thought to have 
originated below the gut—in the 
ventral part of the body. 

Other descendants are the back- 
boned land animals — the amphibians, 
reptiles, birds and mammals. The 
invasion of the land probably began 
about 300 million years ago. In a hot, 
dry climate pools of water were shrink- 
ing and competition for food was high. 
Some of the early lunged fish are 
thought to have emerged from the 
water and begun eating the primitive 
land plants and insects of the time. 

The complexity of the lungs in- 
creases from the amphibians (which 
to-day still absorb oxygen through 
their skins and mouths as well as 
through their lungs), through the 
reptiles, to the birds and mammals. 
Birds and mammals are warm-blooded 
creatures and need large quantities 


of oxygen to generate heat and energy. 
In a frog, the surface of the lung is 
almost smooth and the area through 
which oxygen can be taken, quite 
small. 

In Man, the surface is divided into 
millions of tiny air sacs so that, though 
the lungs together occupy a very small 
space, their surface area is something 
like 700 square feet. In birds, though 
the lungs themselves are small, 
numerous extensions or air sacs pass 


POCK 
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The frog absorbs much oxygen through the 
skin and mouth, and the surface area of its 
lungs is small. The linings of reptile lungs 
are more complicated. The lungs of man 
could cover half a tennis court — the surface 
is increased by millions of tiny pockets. 
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out into all parts of the body. Some 
small air sacs even pass into the hollow 
cavities of the bones. _ 

Lungs in Ray-Finned Fish 

The very early, lunged fish were 
ancestors to yet another group of 
creatures — the Actinopterygii or Ray- 
finned fish. Most fish in modern seas 
and rivers belong to this group — for 
example, herring, cod, salmon, 
mackerel, carp and the sea-horse. They 
are distinctive because their fins are 
webs of skin supported by horny rays 
(hence, ray-finned). 

If they are descended from the early 
lunged fish where are their lungs now ? 

This is no problem with Polypterus 
(the bichir) — the most primitive ray- 
finned fish still in existence. This fish 
lives in the upper reaches of the Nile 
and a few other African rivers. Under- 
neath the gut, connected to the 
pharynx by a short tube, is a pair of 
lungs similar to those found in today’s 
frogs. 

In other ray-finned fish, at first 
there does not appear to be any lungs 
at all. But above the gut (that is, 
dorsal in position) there is often found 
a hollow balloon-like structure called 
the swim-bladder. The swim-bladder 
acts like the ballast tanks of a sub- 
marine. By filling with gas it lowers the 
specific gravity of the fish so that the 
fish rises in the water. By expelling the 
gas, the specific gravity of the fish is 
increased and the fish sinks. In the 
front of the bladder is a red portion 
of tissue very richly supplied with 
blood vessels called, appropriately, the 
red body. It is from these blood vessels 
that gas is obtained when inflation of 
the bladder is necessary. 

At first inspection the swim-bladder 
does not appear to be in any way 
related to a lung. But some ray-finned 
fish still have the bladder connected 
to the pharnyx by a tube. The positions 
of both the tube and the bladder have 
moved from the original ventral situa- 
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DIAGRAMMATIC SECTION OF THE 
WHITING SHOWING 

THE POSITION OF 

THE SWIM-BLADDER 


PNEUMATIC 
DUCT 


THE SWIM-BLADDER IN PRIMITIVE RAY-FINNED 
FISH IS STILL ATTACHED TO THE GUT. BUT THE 
BLADDER USUALLY HAS ITS OWN MECHANISMS FOR 
GAS SUPPLY AND ABSORPTION. THE DUCT ACTS AS A 
MERE RELEASE VALVE. 


GAS PRODUCING ‘RED BODY’ 


REAR 
CHAMBER 
FOR GAS ABSORPTION 


IN MORE ADVANCED RAY-FINNED 

FISH THE BLADDER HAS LOST ITS 

col THE GUT. GAS IS 
SUPPLIED BY THE RED BODY AND 
ABSORBED TOWARDS THE REAR OF THE 
STRUCTURE 


In ray-finned fishes the lung has become a swim-bladder above the gut. In the 
whiting the connection with the gut has been lost. Some fish still have this connec- 
tion as in the case of the sturgeon. Below, the garpike, with the bowfin, has re- 
invaded shallow inland waters. Both fish again use their swim-bladders for assisting 


breathing. 


COMPLEX INNER SURFACE 
BLADDER 


ce) 
INCREASES THE SURFACE AREA 
FOR BREATHING 


tion to a dorsal position. This has 
happened to the lungs of the lungfishes 
also. The dorsal position of the lung 
gives far greater stability to the fish. A 
ventral lung would tend to make the 
fish top-heavy and cause it to roll over. 

Almost certainly, the swim-bladder 
of the ray-finned fish has evolved from 
the primitive lung. The majority of 
ray-finned fish appear to have left 
fresh-water at some stage and invaded 
the sea. Here there was no danger of 
drought and the water was not stag- 
nant. The conversion of the lung to a 
built-in ballast tank was of great value. 
The flesh and bone of a fish is denser 
than the surrounding water and causes 
the fish to sink. But the air bladder 
when inflated lowers the overall 
density and the fish can keep up with- 
out actually swimming. This ad- 
vantage is one of the reasons why the 
ray-finned fishes are more varied and 
numerous than the other fishes — the 
sharks and their allies. 

Some bottom-dwelling ray-finned 


fishes show no sign of a swim-bladder. 
This is not surprising as it is not needed 
in such surroundings. Usually how- 
ever swim-bladders are present when 
they are very young. Two American 
fishes, the bowfin and the gar-pike, 
have returned to fresh-water. The 
swim-bladder of these fishes is once 
more used for breathing air. 

Some ray-finned fish have found 
other uses for the swim-bladder. The 
herring and its relatives use it for 
assisting hearing. A projection from 
the front of the swim-bladder passes 
forward and comes to lie between the 
outer membrane of the ear and the 
inner fluid. The air inside this part of 
the bladder transmits the vibrations 
from the outside. 

Catfish, carp and their relatives have 
an even more complicated arrange- 
ment. The swim-bladder there acts as 
the sound-wave receiver. Vibrations 
are transmitted forward to the inner 
ear system by a series of small bones 
called Weberian ossicles. 
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NEW METHODS OF POWER GENERATION 


ELECTRICAL POWER 
FROM A DIODE VALVE 


ANY new ways of generating 
electricity are being investi- 
gated. On one side there is the demand 
for small portable electrical generators, 
which can produce electricity steadily, 
without attention, for years. An arti- 
ficial satellite needs this kind of power 
source. On the other side there is a 
need to improve the efficiency of large- 
scale generation of electricity. Supplies 
of coal and oil for power are not 
unlimited, and nor is the uranium 
used as a fuel in nuclear power 
stations. It is important to conserve 
these fuel supplies by using them as 
efficiently as possible. 
The diode valve may provide an 
answer on both sides. The kind of valve 
in a radio or television set is a most 


THERMIONIC 
GENERATOR 
(SEE BELOW) 


unlikely looking electric generator. It 
is usually thought of as a controlling 
mechanism in electronic circuits, 
rather than as a generator. But, in 
fact, an electric current is generated 
inside every electronic valve. The 
valve is a thermionic generator. 

The diode valve consists of two 
pieces of metal (electrodes) isolated 
from each other by a vacuum and 
enclosed in a glass bulb. One of the 
pieces of metal (the cathode) is heated. 
Electrons normally attached to atoms 
in the cathode are ‘boiled’ off its 
surface. They then travel, across the 
vacuum, to the anode, the other piece 
of metal in the diode valve. The flow 
of electrons is an electric current, and 
the diode valve has generated it, con- 
verting the heat energy supplied to 
the cathode into electrical energy. 


Thermionic power, from a diode valve, 
installed in an artificial earth satellite. 
Heat to operate the diode comes from a 
long-lived radvoactive isotope. 
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The principle of thermionic generation. The 
cathode is heated, and electrons boiled off its 
surface travel to the anode. A current flows 
around the circuit. The part of the circuit 
in which the electric current 1s actually used 


is called the load. 


No one would use the ordinary 
diode just to produce electricity, be- 
cause it would not be a paying proposi- 
tion. For every unit of heat energy 
supplied to the cathode, the diode 
roduces only one ten-millionth of a 
it of electrical energy at the anode. 
Recently, however, with very different 
looking diodes, efficiencies about a 
million times bigger than this have 
been reached. It is now possible to 
extract a fifth of a unit of electrical 
energy for every heat unit put in. In 
other words, the efficiency of the diode 
valve as an electrical generator has 
been increased from 0:o00001% to 
20%. This level of efficiency is useful 
for both artificial satellites and power 
stations. In the satellite, the electrons 


could be liberated by solar energy or 
by energy from radioisotopes. In a 
power station using coal or oil, the 
heat to liberate the electrons would 
come from the hot gases from burning 
coal or oil. Uranium in a nuclear 
power station looks like being the 
most suitable fuel. The cathode is 
wrapped around a rod of the uranium 
fuel, and heat from the uranium raises 
its temperature to over 2000°C. Heat 
energy is turned into electrical energy 
and then the remaining heat from 
the uranium is carried by a gas (which 
is now at a lower temperature than 
the fuel), to raise steam, and make 
electricity by conventional means (i.e. 
by steam turbines and electrical 
alternators). The extra generation 
stage at high temperature, the diode 


Electrons travel across the vacuum 
gap, and enter the anode. Unfortun- 
ately, they must give up some of their 
energy to the anode. Electrons have 
to be given energy to get out of the 
cathode, so it follows that they must 
give back some energy as they drop 
back into another piece of metal, the 
anode. (The amount of energy they 
have to give up is the same as the 
amount needed to ‘boil’ electrons 
away from the anode.) This energy 
goes back to heat energy, and is 
wasted. 

The anode is therefore made from a 
metal which takes very little energy 
back. The electrons carry on to an 
outside circuit. They are left with the 
balance of their energy, the difference 
between the energy needed to pull 


THERMIONIC 
POWER HERE 
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producing thermionic power, improves 
the overall efficiency of the power 
station. 
Changing Heat to Electricity 
What exactly happens in the diode 
valve? First, the electrons in the 
cathode are held there by the rest of 
the atoms. Before they can be ‘boiled’ 
off the surface, the electrons must be 
given energy, to overcome the attractive 
forces of the rest of the atoms. The 
amount of energy needed varies from 
metal to metal. The cathode is made 
of a material which needs a large 
amount of energy to push its electrons 
away from it. The moving stream of 
electrons has electrical energy. All this 
energy is wanted as the end-product 
of the process. 


M OF THERMIONIC POWER GENERATION ON A LARGE SCALE 


electrons from the cathode and the 
anode. Materials for cathode and 
anode are chosen so that this difference 
is as large as possible. Then the electrical 
energy left over ig a maximum. 

The continuous drain of electrons 
from the cathode is made up by 
electron flow around a circuit on to 
the cathode. 

Making the Diode Efficient 

No ordinary diode generates elec- 
tricity efficiently. But modified diodes 
have been made startingly efficient by 
choosing the right materials for cath- 
ode and anode, keeping the cathode 
hot and the anode cool, and by adding 
electrically charged particles (cons) to 
the diode to stop the electrons repelling 
each other backwards to the cathode. 


GAP FOR COOLANT 


Above: a possible nuclear power thermionic 
generator, with the uranium fuel rods in the 
centre. The cathode is wrapped round the 
fuel. The current generated between cathode 
and anode is a direct current. Left: gas used 
to take heat away from the anode is ci- 
culated around steam boilers, and used to 
raise steam and provide the energy for steam 
turbines and conventional electric generators. 
This method provides a direct current from 
the thermionic diode and an alternating 
current from the conventional generators. 
The direct current would be turned into an 
alternating current before being supplied to 
the electricity grid system. 


ALTERNATING 
CURRENT 
PRODUCED 


SPACE FOR IONIZED GAS 


CATHODE 


This thermionic diode could form part of a 
power station using coal or oil as its fuel. 
The outside is heated by hot gases from the 
burning fuel. This is the cathode of the 
valve. Electric current is generated between 
cathode and anode The anode is wrapped 
around the boiler pipe, and heat taken away 
from the anode is used to raise steam for 
conventional power generation. 
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DYNAMICS 


HOW HIGH WILL IT BOUNCE? 


ANY objects bounce when they 
are dropped on the floor, but 
none reaches the original height again. 
For instance, when an ivory ball is 
dropped on to a concrete floor from 
a height of 100 cm, it will rebound 
to a height of about 88 cm. A ball 
of lead dropped from the same height 
will not bounce as high. It will rise 
only 4 cm from the floor. 

In any collision, whether it is be- 
tween two moving particles or be- 
tween one that is moving and another 
that is standing still, no momentum is 
lost. The momentum (mass times velo- 
city) of one particle may be reduced 


by the collision, but the momentum 
of the other particle increases by a 
corresponding amount, so that the 
total momentum remains the same. 

But actual collisions — between rail- 
way trucks, or between a tennis ball 
and the ground — are always accom- 
panied by losses in kinetic energy. 
However, this energy is not lost al- 
together, it is converted into other 
forms of energy, mainly heat. A small 
amount of the kinetic energy is also 
converted into sound. Much more 
kinetic energy is converted in this way 
when lead collides with concrete. 

If the particle does not rebound 
at all (it remains on the floor), the 
collision is inelastic. All the kinetic 
energy has been changed into other 
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forms of energy. When a ball of putty 
is thrown at a concrete floor it flops 
out of shape—it does not bounce. 
Much of its kinetic energy is used up in 
overcoming the frictional forces be- 
tween the molecules of the substances 
in the ball. 

Collisions in which no kinetic energy 
is lost are perfectly elastic. When com- 
paratively large objects collide the 
collisions are never perfect, but par- 
ticles such as atoms and molecules of 
gases collide without loss of kinetic 
energy (i.e. are perfectly elastic). In 
fact the kinetic theory of gases is depend- 
ent on this assumption. Ifa collision is 
perfectly elastic the total kinetic energy 
of the particles before and after the 
collision is unchanged, although the 
energies of the individual particles will 
alter. 

The most convenient way of finding 
the change in kinetic energy caused 
by a collision is to use an experi- 
mental law discovered by Sir Isaac 
Newton, (1642-1727). For any pair of 
materials there is a constant — the 
coefficient of restitution — which is the 
ratio of the relative velocities of the 
two bodies before and after the colli- 
sion. The coefficient for a perfectly 
elastic collision, is 1, while that for an 
inelastic collision is 0. These are the 
extreme limits—the ball which re- 
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When bounced on the floor no object 
will rise to the original height again 
— but some, with high coefficients of 
restitution, rise to almost the same 
level. 


turns to the height from which it was 
dropped (perfect bounce), and the 
ball which does not bounce at all 
(inelastic). 

The coefficient of restitution for the 
pair of particles can be found ex- 
perimentally, and once this constant 
is known, it is possible to calculate 
how two particles will collide without 
actually bringing them together. It 
is also possible to predict how high 
a ball will rise when it is bounced 
on the floor, or the velocity with 
which one billiard ball will travel after 
colliding with a second one. 
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Prof. Maurice Wilkins using X-ray diffraction apparatus. Samples subjected to this treatment scatter the X-rays and produce patterns such 
as that above. The arrangement of the dark areas depends upon the arrangement of the molecules and thew constituent atoms in the sample. 


From such data, Crick and Watson (left) built up their model of DNA (far left). 


NUCLEIC ACIDS-Master Molecules 


BUTTERFLY, a frog and a 
human being all start life as a 
small fertilized egg-cell. The cell grows 
and divides and its daughter cells all 
do likewise, gradually building up the 
typical form of the animal. A butterfly 
egg-cell will always give rise to a 
butterfly, never a frog or a human. 
What is it that controls the actions of 
the cells and ensures that they follow 
the correct pattern? This problem has 
intrigued scientists for years and 
during the last decade or so they have 
gone a long way towards solving it. 
It has been known for some time 
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that the nucleus of a cell is the control- 
ling centre and the seat of hereditary 
‘instructions’. Sex cells are often little 
more than free nuclei and yet they 
carry all the ‘instructions’ to the next 
generation. Biochemical analysis of 
nuclei shows that there are two major 
components — proteins and nucleic acids. 
Proteins are large complicated mole- 
cules made up of strings of amino-acids. 
The chromosomes, so important in 
cell division, are composed largely of 
nucleo-proteins — combinations of pro- 
tein and nucleic acids — but the evi- 
dence suggests that the nucleic acids 
are the master molecules. 

The chromosomes can be seen with 
the light microscope but the nucleic 
acid molecules are much too small to 


at intervals. These nucleic acid mole- 
cules control the cell’s activity because 
their structure and arrangement deter- 
mine what proteins the cell makes. 


Although they are among the largest 
known molecules (with molecular 
weights of a maillion or more), the 
nucleic acids are made up from only 
a few kinds of ‘building blocks’. ‘These 
smaller groups are called nucleotides 
and all have the same general plan. 
There is a sugar molecule linked on one 
side to a phosphate group, and on the 
other to a ring compound called a base. 
Two types of sugar are found in 
nucleotides — ribose (C5Hi9O;) and 
deoxyribose which, as the name suggests, 
has less oxygen (C;Hj9QO,4). The two 
types of nucleotide do not mix and 
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there are therefore two types of nucleic 
acid — ribonucleic (RNA) and deoxy- 
ribonucleic (DNA). RNA is found only 
in small amounts in the nucleus but 
is abundant in the rest of the cell. 
DNA is found only in the nucleus and 
is believed to control cell activity and 
reproduction. 

The nucleotides also differ in the 
bases they contain. Two groups of 
bases exist — purines and pyrimidines — 
and two of each are important in the 
make-up of DNA. The two purines are 


Adenine nucleotide — one o 
the ‘building blocks’ of nucleic 
acids. Each nucleotide consists 
of a sugar molecule, a phos- 
phate group and a ‘base’. 


adenine and guanine while the two 
pyrimidines are thymine and cytosine. 
Thymine, however, does not occur in 
RNA. It is replaced by a related 
compound called uracil. 
The DNA Molecule 

The components of the DNA mole- 
cule have been discovered by micro- 
analysis. The sugar molecule, the 
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phosphate group and the bases have 
all been identified. To produce the 
large DNA molecule, the components 
must be joined up in long chains. For 
a long time nothing was known of how 
the components were fitted together. 
Then in 1953, a model was proposed 
by Francis Crick and James Watson, 
two scientists working at Cambridge. 
Their work was based on X-ray 
analysis carried out by Maurice 
Wilkins in London, and on various 
chemical analyses that were available. 

The molecular model that they 
proposed is based on two inter-twined 
chains of sugar and phosphate groups. 
The bases are arranged so that they 
join the two main chains, and are thus 


of twisted ‘ladder’ in which the sugar and 
phosphate groups form the uprights and the 
bases, the rungs. 


The nucleotides join together to form a a 


stacked on top of each other. The 
distance between the two chains is 
based on measurement and Crick and 
Watson found that the distance is such 
that in order to bridge the gap, a 
purine base of one chain must join 
with a pyrimidine base of the other. It 
was assumed that the bases were 
joined by weak hydrogen bonds and 
it was then discovered that, in the 
model, adenine would pair only with 
thymine, and guanine with cytosine. 
This is supported by experimental 


results which show that in mi - 


thymine groups and the guanine 
groups equal the cytosine groups. 
It is believed that the model con- 


TWO CHAINS OF NUCLEOTIDES 
JOINED TOGETHER BY THE 
BASES 


structed is an accurate representation 
of the structure of the DNA molecule. 
For their work, Crick, Watson and 
Wilkins shared a Nobel Prize in 1962. 
DNA and the Genetic Code 

The model that Crick and Watson 
devised shows the structure of the 
molecule but makes no attempt to 
show the sequence of the various 
nucleotides. The base molecules can 
be looked upon as flat sheets stacked 
one upon the other. Because they are 


RED BALLS = OXYGEN GUANINE 


THE TWO 

CHAINS OF 

NUCLEOTIDES 
OILED 


flat, any 
There are t erable possible 


ons in the se- 


quence are belie 
code carrying the 


responsible for the slight variatio 
between individuals. The relative 
amounts of the various bases, however, 
are constant for each species. 

In a given individual, each cell has 
an identical amount of DNA (except 
the sex-cells, in which the amount is 
halved). During cell division, there- 
fore, the DNA must reproduce itself 
exactly. If this were not so, the new 
cells would contain a different set of 
instructions from the parent cell. The 
molecular model shows how such a 
large and complicated molecule may 
reproduce itself exactly. It appears 
that the chains separate and each can 
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Diagram of proposed mechanism by which 
DNA reproduces itself exactly. The chain 
nwinds and new nucleotides in the cell join 
nto the strands. Because only one particular 
building block’ can join at any one place, the 
ew double strands will exactly resemble the 
original. 


then act as a sort of skeleton to which 
new building blocks (nucleotides) can 
attach themselves. As there is only one 
type of nucleotide that will fit at any 
one place, the new double coils will be 
identical to the old one. Because the 
nucleic acids are in the chromosomes, 
when the latter divide and go to two 
new cells, the DNA will likewise be 
shared and pass on identical instruc- 
tions to the new cells. The groups of 
DNA molecules in the chromosomes 
thus represent genes. During sexual 
reproduction, the new generation re- 
ceives DNA from both parents. The 
sequences of bases will be different and 


the paternal DNA may over-rule one 
from maternal DNA, and vice-versa. 
Two opposing instructions may also 


modify each other. The appearance of 
an individual is due to the interaction 
of all its DNA instructions. The off- 
spring will thus closely resemble 
neither parent. 

The DNA sequence is believed to 
exert its influence on the cell through 
the cell proteins. Enzymes — the work- 
ing parts of the cell — and most of the 
structural parts of the cell are largely 
protein and it is reasonable to assume 
that variation in the protein itself will 
result in variation in the functioning 
of the cell. It is thought that DNA 
molecules uncoil and act as skeletons 
for the building of RNA molecules (the 
‘building block’ uracil can replace 
thymine). The RNA then passes out 
into the cell carrying the instructions 
from the DNA in the nucleus. This 
RNA is thus called ‘messenger RNA’. 
In the cell protoplasm the various se- 
quences of nucleotides in the RNA 
appear to control the building up of 
proteins from chains of amino acids. 
The, RNA molecules collect amino- 
acids in definite sequences and link 
them up to form proteins. Thus, 
variation in the DNA acts via the 
RNA to control the protein synthesis 
of the cell. 


An electron micrograph of DNA strands. 
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| PHOTOGRAPHY | 


GOING into a photography shop 

and asking for a film is rather 
like going into a shoe-shop and asking 
simply for a pair of shoes. The dealer 
cannot help unless he knows more 
details. Is the film to be colour or 
black-and-white? What size is re- 
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A roll film showing how large or small 


negatives can 
the camera used. 


be obtained according to 


quired? What sort of things are you 
going to photograph? This will decide 
whether it is to be a fast or slow film. 
These are the main things to be 
considered when buying a film. The 
beginner usually starts with black- 
and-white (monochrome). 

The size of the film to be bought is 
determined by the camera to be used. 
Roll-film cameras may use size 127, 
120, or 620. The right one will be 
indicated in the camera instructions 
or on the camera itself. Miniature 
cameras take casettes of cine-film, 
35 mm wide. Some cameras now take 
magazines of film which are self 
contained and the film itself need 
never be handled. Roll-films are of 
fixed length. The number of pictures 
that can be taken depends on the 
camera. While one camera will give 
eight snaps per roll, another may give 
sixteen smaller ones on the same roll. 
35 mm film, however, can be bought 
in various lengths. 

The ‘speed’ or sensitivity of the film 
selected depends upon the use to which 
it is to be put. For action-shots, when 
the shutter is open for only a very 
short time, a high-speed film is needed. 
It must be able to react to the very 
small amount of light that enters while 
the shutter is open. Where a longer 
exposure can be used (e.g. for a still- 
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life picture) a less sensitive film can 
be used. 

The ‘speed’ of the film is usually 
given on the box. The units normally 
used are those of the American Stan- 
dards Association (ASA) or the British 
Standards Institution (BS) or the 
German system (DIN). Most films will 
be marked in one or more of these 
units. The higher the number, the 
faster the film and the shorter the 
exposure necessary for a good result. 

Films also differ in what is called 
contrast or gradation. A ‘soft’ film will 
tend to even out highlights and 
shadows, while a ‘harsh’ one will show 
them in sharp contrast. Related to 
this is the latitude of exposure. If a film 
is exposed for more or less than the 
recommended period it will not neces- 
sarily be ruined. A good print may 
still be obtained although the negative 
may be darker or lighter than normal. 
There is not much latitude, however, 
with a ‘harsh’ film or where the subject 
is full of contrasts. 

Why cannot all films be fast? There 
are several reasons for this. One is 
that many cameras have only slow 
shutter speeds. A very fast film would 
be hopelessly over-exposed in such 
cameras. Another important reason is 
the existence of grain. 

The Graininess of Film 
The light sensitive material of film 


A table of equivalent film speeds on the 
three common scales. On the ASA scale, 
double the number means double the speed. 
On the BS scale the speed doubles for a rise 
of 3 degrees. The DIN figure 1s always 
ten below the BS figure. Each scale was 
devised with a different method of measuring 
the film speed. 


is a layer of silver bromide crystals. 
When light falls on these crystals they 
tend to break up and deposit tiny 
particles of silver. Only a minute 
amount of silver is deposited at the 
moment of exposure but later, during 
development, all of the affected 
crystals are converted to silver. Places 
on the negative that were most affected 
by light become black whereas un- 
affected parts remain clear. Dark 
areas on the negative correspond to 
light areas on the finished print. 
During development the silver par- 
ticles tend to clump together. These 
clumps appear as tiny black dots and 
make the negative unsuitable for 
enlarging. This graininess is of course 
undesirable and should be avoided. 
The manufacturer makes the original 
crystals as fine as possible. Special 
developing methods can ensure that 
the grains do not become too large but 


The effect of Mee The picture on the left is not enlarged shit: times and grain is 
Y 


not apparent. 


n the right, a small part of the same picture is great 


enlarged and grain 


is very noticeable. If such enlargements are required a slower, less ‘grainy’ film must 
be used. Pictures on Kodak film. 


Top: the colour spectrum. Middle: the correct translation of the colours into shades of 
grey. Bottom: how an early film would have reproduced the spectrum — only the blue end 
affects the film. Modern ‘pan’ films used with a yellow filter can give the correct rendering 


of the colours. 


the exposure must be altered to com- 
pensate for the change in development. 
Fine crystals need a long exposure 
to give a good negative and a very 
short exposure will severely under- 
expose the film. 

For short exposures a ‘fast’ film is 
required and this will unavoidably be 
grainy. To make a very fast film the 
manufacturer must use every method 
of increasing the sensitivity and this 
means larger grain size. During the 
manufacture of the film, the bromide 
crystals are allowed to grow and they 
clump together. If any part of a clump 
is affected by light, the whole clump 
can be developed to give a dark area 
on the negative. The film is then more 
sensitive to light (or faster) than a fine- 
grained film. Faster films have more 
grain and do not enlarge so well. To 
get good enlargements free of grain, 
use the slowest film possible for the 
subject in question. 


Colour Sensitivity of Black-and- 
white Films 

A monochrome film reproduces a 
coloured scene as a series of greys of 
various intensity. The light of the 
different colours affects the film to 
different extents. Early film emulsions 
were sensitive only to the blue end of 
the spectrum. Blue light darkened the 
negative and prints made from these 
early films showed blue objects pale 
and all other colours black. 

It was later discovered that the 
addition of various dyes (sensitizers) to 
the emulsion made it sensitive to other 
colours of the spectrum. It is even 
possible to make a film sensitive to 
invisible infra-red rays. The typical 
panchromatic used nowadays is sensitive 
to all visible colours but its sensitivity 
to blue light is still high. For really 
good results a yellow filter is required. 
This cuts out some or all of the blue 
light and stops it from affecting the 


negative. Blue objects then appear 
dark on the print. A yellow filter is 
essential for photographing cloud 
effects. Without it, the sky would be 
very pale on the print because of the 
effect of the blue light. Clouds would 
not stand out against it. 

The yellow filter is the most useful 
but others are available for special 
effects. Some films, especially very 
fast ones, are over-sensitive to red 
light and red objects come out rather 
pale. A green or yellow/green filter 
will cut out red light and red objects 
will then appear dark on the print. A 
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A blue vase of yellow flowers photographed 
on an early film would have reproduced as 
on the right — only the blue affected the film. 


green filter is also useful for bringing 
out contrast between red and green 
objects as it always darkens the red. 
A colourless ultra-violet filter is essen- 
tial for photography in mountain 
regions. There is a good deal of ultra- 
violet light there and this can affect 
the film and create ‘fogging’ or haze 
on the print. The filter stops the ultra- 
violet light from getting to the film. 
Ultra-violet filters are even more 
important in colour photography. If 
the invisible ultra-violet light falls on 
the film it can give it a blue tinge which 
was not present in the original scene. 

Filters are made from sheets of 
coloured glass or from sheets of gelatin 
bound between sheets of colourless 
optical glass, or even from mere sheets 
of coloured gelatin. The colour must 
be adjusted exactly to cut out the 
unwanted wavelengths of light. Filters 
are clipped or screwed on to the front 
of the lens when required. 

Because filters cut out some of the 
light, a longer exposure or larger 
aperture is needed. ‘The directions for 
use normally include the ‘filter factor’ 
—the amount by which the exposure 
must be increased, to counteract the 
effect of the filter. 
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F a dark coloured chameleon is put 
on a leafy branch, it will seem to 
disappear from sight in about fifteen 
minutes. It is one of a number of 
animals that gain protection by chang- 
ing their colours to blend in with the 
background. The colour change is a 
physiological process involving re- 
distribution of pigments in the skin. 
Most of the animals that can change 
their colours have the pigments in 
special colour cells called chromato- 
phores. Insect pigments, however, are 
scattered in ordinary cells. Chromato- 
phores — of which the best known are 
the melanophores containing black pig- 
ment — respond to light and, in a lesser 
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Chameleons — masters of colour change — 
can blend with a variety of backgrounds. 


Animals That Change Colour 


degree, to temperature. Although in 
some animals, the actual colour cells 
expand and contract, it is more com- 
mon for the pigment to be withdrawn 
into the centre of the cell or spread out 
along the branches. 

There are two distinct types of 
colour cell response. One, known as 
direct or primary response, is caused 
by light falling on the cells themselves. 
Strong light causes the pigment to 
expand and the overall colour of the 
animal becomes darker. The pigment 
contracts in dim light and the animal 
becomes pale. 

The other type of response — in- 
direct or secondary — is via the eyes and 
the brain. When the eyes detect a 
dark background, messages arrive at 
the colour cells causing them to ex- 
pand and produce a darker coloration. 


A light background similarly pro- 
duces a contraction of the pigments. 
The primary and secondary responses, 
therefore, do not always act in the same 
direction. 

The messages to the colour cells 
may be in the form of direct nerve 
impulses from the brain. Alternatively, 
the brain may cause the release of 
hormones that act on the colour cells. 
In many animals, both nerve and 
hormone messages are concerned with 
the control of the colour cells. 
Colour Change in Invertebrate 
Animals 

In all invertebrates other than 
squids and their relatives, colour 
change is brought about by hormones. 
Prawns in a sandy pool blend so well 
with the sand that only an occasional 
movement betrays their presence. 


Prawns from sandy and weedy pools. The colour change ts brought about by hormones acting 


on the red, white and yellow colour cells. 
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~. on the signals received by the eyes. 


Their coloration is controlled by 
numerous colour cells scattered all 
over the body surface. Small cells 
containing yellow pigment are widely 
scattered. Others, containing red pig- 
ment, are found especially around the 
tail. Larger colour cells with both red 
and yellow pigment occur in bands 
and patches. Other large colour cells 
contain opaque white and red pig- 
ment. 

A prawn in a sandy pool has its 
yellow and white pigment expanded, 
giving it a mottled appearance to 
match the sand. The red pigment is 
contracted into tiny dots. Prawns from 
a weedy pool are darker — the red pig- 
ment is expanded and the white con- 
tracted. If these dark prawns are put 
on a sandy background a startling 
change occurs. The red pigment with- 
draws into dots, the yellow contracts 
a little and the white expands. In an 
hour or two the change is more or less 
complete but perfect adjustment re- 
quires a day or so. The reverse change 
occurs equally well. This colour 
change is mainly indirect, depending 


There is, however, an important direct 
response of the colour cells. If the 
prawns are put on a sandy background 
in full light, they will never become 
completely adapted because the light 
causes the red pigment to expand a 
little. 


Animals 

Both nervous and hormonal control 
of colour exists in bony fishes. Nerve 
impulses are normally responsible for 
quick changes in response to a chang- 
ing background but hormones are 
often concerned in the final colour 
adjustments. 

Flat fishes (e.g. Plaice) are well- 
known for their colour-changing 
ability. They contain black pigment 
together with others ranging from 
yellow to red. Combinations of these 
are enough to produce a likeness to the 
majority of natural backgrounds. Flat- 
fish can even produce a reasonable 
copy of a chess-board pattern if the 
colours are available in its skin. Such 


A flat-fish can resemble some artzficial 
backgrounds. The colour cells are con- 
trolled by nerves but the cells themselves 
do not change size. The pigment moves 
within them. Expanded pigment produces 
darker overall colour, just as large black 
dots on a newspaper produce dark areas and 
small black dots, lighter areas. 
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LIGHT ONTO EYES 
FROM ABOVE CAUSES 
PIGMENT TO EXPAND 


DARK BACKGROUND 


Mechanisms of mlcer change in he 


chameleon. On a dark background 
there is little reflection and nerve 
messages tell the colour cells to dar- 
ken. On a light background reflected 
light affects the eyes and the colour 
contracts. 
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detailed control of colour is possible 
only with nervous control. Hormone 
control, because the hormone passes 
round the body in the blood, can 
produce only over-all colour changes. 

Amphibians, such as the frog, can 
darken or lighten the skin according 
to the background. This is a hormonal 
control mechanism. Some lizards show 
only hormonal control of colour but 


others, including the chameleon, ap- 
pear to possess only nervous control. 
The chameleon skin has several layers 
—a brown or black one at the base, 
followed by white and blue layers 
(produced by optical effects) and a 
layer of yellow pigment cells. The 
combination of any of these layers can 
produce colours ranging from yellow, 
through greens and bluish greens, to 
brown and black. Each colour cell is 
connected to a nerve and colour 
change may be very rapid. In the dark, 
chameleons are rather pale-coloured 
but in dim light, they become darker. 
The eyes are stimulated by light and 
messages are sent to darken the skin. 
Strong light can act on special re- 
ceptors in the skin and a reflex action 
causes darkening. Reflected light from 
a light-coloured background stimu- 
lates the eyes in a different way and 
causes the colour cells to contract and 
produce a pale colour. In bright light, 
however, this action does not com- 
pletely overcome the darkening re- 
action to light and the animal does not 
become completely pale. There is still 
much to be learned about the details 
of colour change in the chameleon. 


RED EXPANDED 


BLACK EXPANDED 


RED AND YELLOW 


YELLOW EXPANDED EXPANDED 


The cuttlefish (Sepia) and its relatives, the squids and octopuses, show the most 
hae colour changes in the animal kingdom. The pigmen — black, red and 
ye 


ow — are enclosed in tiny colour cells in the skin. 


he black pigment cells are 


on the inside and the yellow on the outside. Each colour cell has its own muscles 
which, when stimulated, cause the cell itself to expand or contract. The muscles 
are activated by nerve impulses direct from the brain. This is a far quicker method 


than the secretion of hormones. 


COLOUR CELLS 
EXPANDED AND CONTRACTED 
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ELECTRICITY 


The LEAD ACCUMULATOR 


"THE starter, headlights, sometimes 

the windscreen wipers, heater 
fan and winkers of a car are all 
electrically operated. They receive 
their supply of electricity from the 
battery, which is a set of lead accumu- 
lators all connected inside the same 
container. 

The lead accumulator will give a 
steady supply of electricity whenever 
the circuit in which it is connected is 
completed. 

It does, in fact, give a direct current, 
unlike the household supply of elec- 
tricity which is alternating. In the 
accumulator, chemical energy is con- 
verted into electrical energy. A chemi- 
cal cell is arranged so that a stream of 
electrons, given out by one part of the 
cell, travels through the network of 
wires making up the circuit and 
returns to another part of the cell. 
This one-way drift of electrons gives 
a direct current. (With an alternating 
current, the electrons surge back- 
wards and forwards.) 

The lead accumulator is not the 
only chemical cell to give a direct 
supply of electricity. Many different 
types of cell will do this. Dry cells are 
used as torch batteries for the same 
reason. Chemica energy is converted 


The lead dipping in the water tends to 
tonize. The water has an overall positive 
charge and the lead, a slight negative charge. 
In the lead accumulator, the electrons on the 
lead are tapped off to supply an electric 


current. 
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FLOW OF ELECTRONS 


Discharging the accumulator. The chemical reaction at the lead plate gives a supply of 
electrons which flow through the circuit to the lead dioxide plate. Immediately they arrive, 
they are taken up by the lead dioxide and more electrons keep flowing in. 


into electrical energy. But as the torch 
is used, the current gradually weakens 
and then eventually fails when some 
of the chemicals have been used up. 
The battery is then thrown away and 
replaced by another. 

This state of affairs is obviously no 
use for the car where there is a large 
demand for electricity. No car owner 
would want to replace his battery 
every day. 

The lead accumulator has the great 
advantage that it can be recharged. It 
is a secondary cell. Secondary cells can 
act in two ways. They can run down, 
discharging, or they can take up 
electricity and recharge. A dynamo 


rotor in the car revolving with the 
crankshaft produces a supply of direct 
current to be fed into the battery and 
recharge it. 

If the battery is to last a long while 
it should never be allowed to com- 
pletely run down. Instead, it should 
be kept more or less fully charged. 
When the headlamps are in use the 
battery will be bound to run down a 
little, but this effect is quickly put 
right. When the car is used in day- 
light, the store of electricity as chemi- 
cal energy builds up again. 

Why the accumulator works 

When a piece of lead is dipped in 
water, a few atoms of lead on the 


surface ionize and dissolve. Each ion 
leaves behind it two electrons clinging 
to the surface of the metal. There is 
no danger that the lead will completely 
dissolve. After a while a state of 
equilibrium is reached. The con- 
centration of lead ions in solution 
remains the same and the negative 
charge on the metal rod also stays 
constant. The lead rod carries an 
overall negative charge and the solu- 
tion carries an overall positive charge. 
A potential difference exists between 
the metal and its surroundings, but 
no current will flow because there is 
nowhere for it to go. 

In the lead accumulator, this poten- 
tial difference is put to good use. The 
lead plate is used together with another 
plate which tends to retain a positive 
charge. When the two plates are 
connected by an external circuit, 
electrons flow through the circuit to 
the positive plate in an attempt to 
make up for the deficiency there. This 
is no use, for the cell has been designed 
so that the electrons are taken up by 
certain chemicals immediately they 
arrive. More and more electrons flow 
in and the flow of electricity is con- 
tinuous. 

The negative plate of the accumu- 
lator is a grid filled with spongy lead 
and the positive plate is a grid filled 
with brown lead dioxide. Both plates 
dip in a glass tank filled with diluted 
sulphuric acid. 

At the negative plate, lead atoms 
dissolve, leaving the plate negatively 
charged 

Pb —» Pb** +  2e 
lead lead electrons 
atom ion 
The lead ions formed immediately 
react with the sulphate ions from the 
sulphuric acid to form lumps of lead 
sulphate which stick to the lead plate 


2 VOLTS 


SINGLE 
LEAD CELL 


CHARGING ELECTRONS 


PUMPED IN 
THE OTHER 
WAY 


A supply of electrons 1s pumped into the lead 
plate. The lead sulphate on the plates 
disappears and the plates return to normal. 
Hydrogen ions and sulphate ions are put 
back into solution, increasing the strength 


of the acid. 


Pbht+++ SO,~ -—»  PbSO, 
lead sulphate lead 
ion ion sulphate 


Electrons which have flowed round 
the circuit and arrive at the positive 
plate combine immediately with lead 
dioxide and hydrogen ions from the 
sulphuric acid. Once more, lead ions 
are formed. 


PbO, + 4Ht + _ 2e 
lead hydrogen _ electrons 
dioxide ion 


_—> Pb’ * + 2H,O 

lead = water 

The lead ions cannot stay in solution 

while there are sulphate ions present 

in the sulphuric acid. They combine 

to produce lead sulphate which forms 
a coat on the lead dioxide plate. 


Pht ++ SO,- > PbSO, 
lead sulphate lead 
ion ion sulphate 


BATTERY OF SIX 
CELLS 


The specific gravity can be used to measure 
the strength of the acid. This ts measured 
with a hydrometer. At specific gravity 
1°25—1°3, the battery is charged. 


TESTING THE 
BATTERY 
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Recharging the battery 

When the battery is recharging, 
exactly the reverse process takes place. 
This time, electrons are fed into the 
lead electrode instead of leaving it. 
The lead sulphate on the surface of 
the plate ionizes again and the sul- 
phate ions go back into solution. The 
lead ions take up electrons pouring 
into the plate and form lead atoms. 
At the other plate, lead sulphate 
combines with water to give back lead 
dioxide. Hydrogen ions are released 
and return to the solution to strengthen 
the acid. Electrons are given out. 
After a while the cell returns to its 
fully charged condition. 


The lead cell has a voltage of 2 volts. A car 
battery consists of six cells all joined in the 
same vessel. It has a voltage of 12 volts. 


2 VOLTS 


MATHEMATICS 
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CONVERGING AND DIVERGING SERIES 


HE series of numbers 1 + 2 + 
3+4-+ 5 and so on is a d- 
verging series. The numbers (or terms) 
in the series get bigger and bigger, and 
the sum of all the terms increases 
rapidly. The series of numbers 
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and so on is also a duwwerging series. 
Although the individual terms in the 
series become smaller and smaller, 
the sum of the series continues to grow. 
It grows more slowly than the first 
series, but it still grows. Series where 
the sum continues to grow more as 
more terms are added on are called 
dwerging series. However, the sum of 
another kind of series does not increase 
indefinitely, and approaches a definite 
limit, no matter how many more terms 
in the series are added on. These are 
called converging series, because the 
sum of all the terms in the series 
converges to a definite limit. 

For the series to be converging, the 
terms must naturally become smaller 
and smaller. But this alone is not 
enough to ensure that the series is 
converging. Additional tests for the 
series are necessary. 
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Not all the series go on and on until 
there is an infinite number of terms in 
them. Some series stop after a few 
terms. It is then possible to get a 
definite sum to the series. Convergency 
and divergency apply only to series 
which never stop, but go on collecting 
an infinite number of terms. In all 
series, when the first few terms are 
given, the pattern for all the following 
terms is set. 

Why Sum Series? 

Series are of more than just interest 
value. Once the pattern behind the 
series is known, it is possible to find 
the sum of any number of terms in it. 
The pattern of the series 1, 5, 14, 30, 
55, 91, and so on is not obvious at first 
sight. In fact, the connection between 
these numbers is that they are basically 
a sequence of the squares of ordinary 
numbers (i.e. 1, 4, 9, 16, 25, 36... and 
so on) with the sum of all the pre- 
ceeding terms added on. This kind 
of series was useful in working out the 
number of cannon balls which could 
be stacked in a square-based pyramid, 
of known height. If the bottom layer 
has 36 cannon balls arranged in a 
6 x 6 square, the layer fitting on top 


of it has 25, arrangedina5 x 5square 
and so on. The number of layers gives 
the number of terms in the series, and 
the total number of cannon balls can 
be calculated quite easily. 
Convergent series are useful because 
they are used to track down numbers 
which can never be written down 
accurately, no matter how many deci- 
mal places are used. The number~y- is 
one example. If ten is divided by 3, 


Converging series do not need to 
have an odd-looking number as their 
sum. It is possible to get a series 
containing an infinitely large number 
of terms, which gives, simply, | as 
its total. 

This series is 
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The sum of the series is |. A metre rule 
is one metre long. Half of the metre 
rule is equivalent to the first term. 
Add on half of the remaining part of the 
ruler (quarter of a metre) and the rule 
is threequarters of a metre long, an 
extra eighth and a sixteenth, and the 
rule becomes nearer and nearer the 
whole metre long. 
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the result is :— 
3° 3333333333333333333333333333--- 
or 3°3-—recurring. There is no end 
to the number, because ‘1’ is always 
‘carried on’ when 10 is divided by 3. 

Once a few decimal places are 
known, the number is accurate enough 
for most purposes. Although the num- 
ber is difficult to write down ac- 
curately, it is nevertheless a definite 
number. It is easy to see that 3°3 
recurring is just the series 

3 

Lahti tit batt 
and so on. This is a converging series. 
Each term is ten times smaller than 
the previous one. All the tests for 
convergency prove that the sum of 
this series does approach a definite 
limit, the number equal to 10 divided 


by 3. 
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The Pyramid numbers 
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22999. 
9999 


Three simple series of numbers. Top: the series of natural numbers. Middle: the squares 
of the natural numbers. Lower diagram: the pyramid numbers, formed from sums of 
squares. All the terms increase in size, so the series are all divergent. 


ELECTRICITY 


CAPACITORS IN SERIES 
AND PARALLEL 


IF electrical capacitors are connected 

side-by-side (in parallel), their total 
capacitance is the sum of all the in- 
dividual capacitances. Electric cur- 
rents cannot actually flow through a 
capacitor, because the capacitor is a 
gap in an electric circuit. However, 
electric charge can accumulate on the 
large areas (the plates) on either side 
of the gap. The bigger the area of the 
plates, the bigger the capacitance. More 


other plate. 

Connecting capacitors in parallel 
simply makes a bigger area on either 
side of the gap. If three capacitors, 
C,, C, and Cs are connected in parallel, 


then Crora.=C, +C,+C, 


But if the string of capacitors is 
connected one after another (in series) 


‘the total capacitance drops. It be- 


comes less than the capacitance of any 


OF INDIVIDUAL 
PLATES 


Three capacitors in parallel — CroTAL = Ci + C2 t+; 


C, : aL 2 ] Re 


Three capacitors in series — 


charge can accumulate there. 

The capacitance of a capacitor is also 
a measure of its ability to pass on 
alternating electric currents. Charge 
can flow, to-and-fro, on to one of the 
plates, attracting a charge of opposite 
sign, the flow to-and-fro, on to the 
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GAP EQUALS 


CAPACITORS 
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ake: eg 
C, C; 


one of the individual capacitors. Elec- 
trical charges have to be attracted 
across several circuit gaps, instead of 
just one gap in one capacitor. Extra 
gaps make the transfer more difficult — 
in fact the capacitance of a capacitor is 
inversely proportional to the gap size. In- 


versely proportional means that when 
the gap size increases, the capacitance 
decreases. 
It can be written in another way: 
I 
gap size’ 


Capacitance is proportional to 


or, the other way around: 


————— is proportional to gap size 
capacitance 


When capacitors are connected in 

series, it is their gap sizes which are 

added together. The total gap size is: 
Gap tora. = Gap, + Gap, + Gap, 


The total capacitance is the inverse of 


this, or: 


| 
TOTAL Cc, C, Cc; 
This is the rule for calculating capaci- 
tance in series. 


TWO CAPACITORS 
IN PARALLEL 


“JO =c. +c, 


CTOTAL = 0-04yF + 0-04yF 
CTOTAL = 0-08yF 


uF = MICROFARAD, A COMMON UNIT OF CAPACITANCE) 


CTOTAL = |-65uF 


PROPERTIES OF MATTER 


TORSION 


HEN drilling for oil, many thou- 
sands of feet of drill shafting are 
necessary for boring through over- 
lying rock formations before the oil is 
reached. The whole length of shafts 
joined together is turned from the 
surface by a force — called a torsional or 
twisting force. 

The resistance as the drilling head 
bites into the rock coupled with the 
turning force at the top causes the 
material of the long drill to become 
twisted up. It resists this twisting by 
means of its ¢orsional rigidity. Some 
motor vehicles use torsion bar sus- 
pension for springing. One end of a 
bar is fixed and the other end is 
twisted by the uneven jolting of the 
vehicle. The twisted bar using its 
torsional rigidity acts as a spring. 

The principles of torsion are used in 
many scientific instruments as a means 
of measuring small forces. In the 
moving coil galvanometer which 
measures electric current a coil hung 
by a fine fibre in a magnetic field is 
deflected until it is arrested by the 
torsional rigidity of the suspension 
ribbon. The torsion balance is another 
instrument which measures very tiny 
forces, such as those due to gravita- 
tion, magnetism, or electric charge. 

Steel has a high resistance to torsion 
whereas string or thread has none. 


The torsion balance used by Professor 
Boys in 1930 to determine the constant of 
gravitation. 


When a body hung by a piece of steel 
wire is twisted to one side and then let 
go — it spins backwards and forwards. 
If the period (i.e. the time taken for a 
complete swing) is measured for dif- 
ferent sizes of swing, it is found, as in 
the ordinary pendulum, to be inde- 
pendent of the size of swing. This 
means that even though the swings 
gradually die down due to air resist- 
ance and so on — the period remains 
the same. Such a device can therefore 
act as timekeeper — and it is called a 


Torsional Rigidity is defined to be the twist necessary to turn a known length of rod 
through a unit angle. Since the calculation of torsional rigidity is complicated, it is usually 
found experimentally with the torsion balance or the torsion pendulum. 


TRIANGULAR 


CIRCULAR 
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CROSS-SECTIONF 


SQUARE OR RECTANGULAR CROSS SECTION 
USED TO SUSPEND GALVANOMETER COILS 


torsional pendulum. This type of pendu- 
lum can be found in some modern 
clocks. The torsional rigidity of any 
specimen can be measured with the 
torsional pendulum as the period of 
the swing depends only on the tor- 
sional rigidity and the moment of 
inertia of the swinging body about the 
suspension. This period is independent 
of gravity. 

In the torsion balance a light bar 
is hung at its middle from a fixed point 
by a fine wire or ribbon. Bodies whose 
gravitational or electrical attraction 
are going to be measured are attached 
to each end of the bar. When other 
large attracting masses or charged 
bodies are brought up close, the 
attraction between the small and large 
bodies pulls the bar around. It comes 
to rest with the suspension wire 
twisted. By reflecting a beam of light 


THE BACKWARD FORCE IN A SPIRAL 
SPRING IS PROPORTIONAL TO THE 
AMOUNT IT IS P' D OUT. THIS IS 


CALLED HOOKE 
APPLIES TO ELAS 


, AND ALSO 
BANDS 


WHEN THE SPRING IS 
PULLED OUT A 
TWISTING FORCE IS 
EXERTED ON EACH 
SECTION 


The torsion of the steel of a spring accounts 


for its elasticity. 


off a mirror attached to the wire the 
amount of twist is measured. The tor- 
sional rigidity of the suspension wire 
has previously been measured so that 
the attracting force is known. This 
instrument was used to measure the 
gravitational constant and to verify 
the inverse square law of electric 
charge. 
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THE FILM BADGE 


Dosimetry - 


INDIUM 
(NEUTRONS) 


Pen Meters 


and Film Badges 


VERYONE who works near a 
nuclear reactor, or who comes 
into contact with radioactive materials 
or X-rays, should carry a dosimeter 
around with him. The meter measures 
the dose of radiation received by the 
person carrying it. 

There are two main types of meter. 
One looks like a fountain pen, and is 
clipped into a pocket. The other kind 
looks like a small badge. Both detect 
X-rays and gamma-rays. These are 
tonizing radiation. They apparently 
split up molecules in human tissue 
into ions, or charged particles, and the 
tissue becomes damaged. 

The Pen Meter 

The radiation also ionizes air mole- 
cules. Electrons are stripped off the 
air molecules, which then become 
electrically charged. The pen meter 
contains a small air chamber, acting 
as an electrical insulator between the 
outer wall of the pen and a piece of 
metal (an electrode) running through 
the centre of the chamber. 

Before the pen is given to the 
wearer, the inner electrode is given 
an electric charge by connecting a 
voltage difference of 100-200 volts 
between it and the outside wall. Then 
the electrode is insulated so that it 
retains its charge. 

High-energy radiation can enter 
the air chamber quite easily (less 
harmful lower energy radiation is 
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prevented from affecting the meter by 
the thickness of the walls. This is a 
disadvantage because it cuts out beta- 
particles and very low energy X-rays 
which could still damage human skin). 
The radiation ionizes the air in the 
chamber. It momentarily releases 
electrical charges, the air stops acting 
as an electrical insulator, and becomes 
able to carry electrical charges. So 
some of the charge on the electrode 


LIGHT-PROOF —— 
COVERING 


FILM 


NEUTRON MAKES 
~~ NO IMPRESSION 
“cs ON FILM 


7 y-RAYS BLACKEN 
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Neutrons make no impression on film, 
but beta-particles, gamma-rays and X-rays 
all blacken film. 


leaks away through the air to the 
outer wall. 

Each time radiation reaches the 
meter a bit more charge leaks away 
rom the central electrode. Conse- 
quently its voltage gradually drops. 

The voltage can be checked periodi- 
cally, by measuring it with a sensitive 
electro-static voltmeter. However, 
some pens have a kind of voltage 
meter inside the air-chamber. This is 
a small piece of quartz fibre which 
springs away from the central elec- 
trode when it is fully charged (both 
fibre and electrode are similarly 
charged, and repel each other), and 
gradually springs back towards the 
electrode as the electrode loses its 
charge. 

The rest of the pen meter is taken 
up by a small microscope, through 
which the quartz fibre can be seen. 
The image of the fibre is projected on 
to a scale inside the microscope, which 


Calibrating the film badges. 


BETA-PARTICLES BLACKEN 
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NO IMPRESSION 


BETA-PARTICLE 
ABSORBED BY 
FILPER 
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© THROUGH 

X-RAY GETS 
THROUGH 


PLASTIC FILTER 


When the film is protected by a plastic 
filter, most beta-particles are stopped. 
The film badge contains several different 
types of filter. Cadmium absorbs slow 
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shows how much radiation has been 
absorbed. 

If the voltage drops so much that 
the fibre moves beyond the end of the 
scale, the wearer may have absorbed 
more radiation than is considered 


Units of Radioactivity 


Radiation does damage when it 
knocks electrons away from atoms (it 
ionizes the atoms). Radioactivity used 
to be measured either by the amount 
of electric charge produced by ionizing 
a known volume of air with the radia- 
tion (the unit was the roentgen) or by 
the amount of energy liberated as a 
result of the ionization (the rad). One 
rad imparts 100 ergs of energy per 
gram of irradiated material. This 
amount of energy is very small indeed — 
in fact, it takes 4-2 X 107 (42,000,000) 
ergs to heat one gram of water through 
one degree centigrade. It is not the 
extra energy which is dangerous but 
the ionization. 

Now anew unit, the rem has replaced 
the roentgen and the rad in dosimetry. 
The rem is a measure of the biological 


effect of the radiation. Rads, roentgens 
and rems are practically interchange- 
able. A dose of radiation expressed in 
rems has about the same numerical 
value as a dose expressed in rads or 


roentgens. However, the units do 
sometimes differ, depending on the 
type of radiation, or on the type of 
material being irradiated. 

A fatal dose of radiation is about 
1,000 — 2,000 rems. 400 — 500 rems can 
be lethal if no medical attention is 
given, and radiation sickness can be 
caused by a dose greater than 100 
rems. Even lower doses can increase 
the chance of contracting leukemia, or 
shorten the life-span. It is recommen- 
ded that no-one should absorb more 
than 50 rems between the ages of 18 
and 30, and the maximum ‘safe’ dose 
spread over a whole life-time is about 
200 rems. So the maximum ‘safe’ dose 
per year is4—5rems. 


NEUTRON RELEASES 
y ne CADMIUM FILTER 


ELECTRON (BETA-PARTICLE) 
STOPPED BY LEAD 


y-RAY GETS THROUGH 
LEAD AND CADMIUM | 


X-RAY STOPPED 
BY LEAD 


LEAD FILTER 


neutrons and emits. gamma-rays. So a 
cadmium filter can be used to help detect 
slow neutrons. A lead filter in front of 
the cadmium absorbs beta-particles. 
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acceptable, and may have to be taken 
off radiation work for a period. How- 
ever, some pen dosimeters leak badly 
during wet weather (air containing 
moisture is a better electrical con- 
ductor than dry air), and the charge 
eventually leaks away from the elec- 
trode through the insulation at the 
end of the meter. 

Film Badges 

Although the film badge looks much 
simpler than the pen meter, it gives 
more information about the type of 
radiation encountered by its wearer. 
It is also sensitive to slow neutrons, 
which the pen meter is unable to 
detect. The radiation detector is a 
small piece of sensitive film in a light- 
tight packet which is placed inside the 
badge. If radiation hits the film, it 
knocks electrons away from silver 
bromide atoms in the film emulsion, 
and this part of the film is ready to 
blacken when developed. 

Filters at the front and back of the 
film stop one kind of radiation more 
than another kind. A plastic filter may 
stop beta-particles, but allow through 
gamma-rays and X-rays. When the 
film is developed, the part of the film 
behind the plastic filter can be com- 
pared: with the unprotected part of 
the film, which has been exposed to all 
the radiation. The unfiltered part will 
be darker. The relative darkness indi- 
cates the relative proportions of beta- 
particles and gamma-rays. 

Other filters can be of lead (which 
also cuts out beta-particles and most 
X-rays), cadmium and tin. Cadmium 
captures slow neutrons, and then emits 
high energy gamma-radiation, which 
affects the film. Neutrons on their own 
do not interfere with the film emulsion. 


The relative amounts of gamma- 
radiation and slow neutrons can be 
calculated from the blackening of the 
parts of the film filtered by cadmium 
and tin. 

Indium is also used as a radiation 
filter, because it absorbs slow neutrons 
and emits gamma-rays and _beta- 


. particles as a result. 


The film packet in the badge is 
periodically replaced by a new one. 
The used film is developed and then 
compared with identical pieces of 
film calibrated by placing them at 
known distances from a radioactive 
source of known intensity. 
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A cross-section diagram of the pen 
meter. The microscope for viewing the 
quartz-fibre electroscope is at the 
top. Charge leaks away from the cen- 
tral electrode when ionizing radiation 
enters the chamber. 


1859 


al 


A Carboniferous swamp-forest 250 million years ago. There were no flowering plants but the other main branches of the vegetable kingdom 
had emerged. The soft-tissued club ‘mosses’ that survive today are relatives of the ancient scale trees Sigillaria and Lepidodendron. 
The counterparts of our spindly horsetails were woody and some stood 100 feet high. Cordaites was an ancient gymnosperme and seems 
a particularly close relative of today’s Monkey Puzzle tree. Ferns covered the ground; some grew into shrubs or small trees. In structural 
details, most of them differed from today’s ferns. Seed ferns were small but numerous. Perhaps they were the ancestors of the flowering plants. 


Fossil Plants - History of the Plant Kingdom 


UNLIGHT 2000 million years ago 
was being used by plants just as it 

is used today—for building simple 
chemical substances into complex 
foods. Only traces of these very ancient 
plants are preserved in the rocks. 
They were all probably algae, very 
simple water-dwelling plants. Algae, 
unlike most land plants have no water- 
proof outer coating (cuticle) nor do they 
develop special tissue (vascular tissue) 
for transporting water and foodstuffs. 
About 550 million years ago, the 
remains of animals suddenly became 
more numerous in the fossil record. 
This was the start of the Cambrian 
period. There are also a few remains 
of plants. Surprisingly, these remains 
are not of the simple, water-dwelling 
algae. Instead there are specialized 
vascular (woody) tissues and wind- 
blown spores with outer cuticles. 
Several groups of land plants seem 
already to have emerged — mosses and 
liverworts (Bryophytes), spore-bearing 
plants such as today’s ferns, club- 
mosses and horsetails (Ptertdophytes), 
and seed ferns (Pteridosperms). Early 
Gymnosperms (seed-bearing _ plants) 
may also have been present. How these 
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groups evolved, it is difficult to say. 
There is no fossil evidence. But cer- 
tainly plants must have invaded the 
land long before, in Pre-cambrian 
times. Perhaps each group evolved 
from a different group of algae and 
had solved the problems of living on 
the land in different ways. There 
seems no reason why vascular tissues, 
cuticles, secondary wood, leaves and 
roots should not evolve more than 
once independently. 

Another gap follows, with no more 
plant remains. Then in Silurian rocks 
350 million years old, there are found 


the Psilophytes—simple land plants 
with vascular tissue but no distinct 
leaves, roots or stems. Psilophytes were 
the first land plants discovered and 
for a long time have been thought the 
undoubted ancestors of all other land 
plants. But more highly developed 
land plants are now known to have 
been living 200 million years before. 
It seems likely that Psilophytes are 
only the survivors of some earlier 
primitive stock. 

But if higher plants were in existence 
in Silurian times where is the evi- 
dence? The only fossil preserved is a 


A chart showing the sequence of the main plant groups in geologic time. Because of an 
incomplete fossil record the evolution from one group to another is uncertain. The origin of 


the angiosperms is particularly open to question. 
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PTERIGOSPERMS 
(SEE) 


leaf of a club moss (a pteridophyte). 
The discrepancy seems due to the 
different localities of plants. The 
Psilophytes inhabited low mud flats 
near the water; there was always a 
strong chance that the land would 
sink and the plants be preserved under 
the invading water. The more ad- 
vanced land plants probably lived 
inland, on higher ground, where 
surroundings were more varied. The 
chances that they would become 
buried with sediment was much less 
likely. However, in following Devonian 
times battered logs have been pre- 
served in marine sediment as though 
carried by rivers into the sea. 

The Carboniferous period followed 
and in coal seams 250 million years 
old, the first really extensive picture 
of plant life on land is given. Coal is 
the fossilized remains of swamp forests 
of the time. Considerable evolution 
must have taken place over the millions 
of years since the Cambrian period. 
The Pteridophytes, Pteridosperms and the 
Gymnosperms had become varied. 

Amongst the Pteridophytes there were 
relatives of today’s horsetails. But 
these forms were not small and delicate 
like our present species. They stood 
up to 100 feet high and had woody 
trunks. But they possessed some 
features in common with todays forms 
—stems with lengthwise ribbing, and 
points along the stem (nodes) bearing 
whorls of leaves. The club ‘mosses’ 
(Lycopods) were also large and woody. 

Amongst the Gymnosperms, a group 
called the Cordaitales were the most 
numerous. They formed large woody 
trees. The Cordaitales became extinct 
in Permian times but probably gave 
rise to all later gymnosperms. 

The most important group of today’s 
gymnosperms are the conifers. Coni- 
fers increased in number towards the 
end of the Carboniferous period: 
Today the group is represented by 
such forms as the Monkey Puzzle tree, 
the Pine and Larch, the Juniper and 
Cypress and the Yew. Other groups of 
gymnosperms living today are the 
Cycads — trees with stout unbranched 
stems, and a crown of large fern-like 
leaves. They first became prominent 
in Jurassic times. Related to the 
Cycads is the Ginkgo or Maiden-hair 
tree. The group of plants to which it 
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THE SEED 

WAS ENCLOSED 
AND SUPPORTED 
ON A SHORT STALK 


The first plants probably 
resembled our present-day 
algae. They lived in the sea 
and had no vascular tissue 
or cuticle. Perhaps most of 
today’s group of land plants 
descended independently 
from algae. They would 
have passed through a 
simple stage Perrissatias the 
primitive fossilized Psilo- 


aah 
but bore true seeds like 
gymnosperms and angio- 
sperms. They were abund- 
ant in Carboniferous times 
but died out in the Cretace- 
ous period. Their seeds 
were enclosed like the 
angiosperms —not borne 
naked on cones like the 
gymnosperms. Perhaps they 
were the ancestors of the 
angiosperms. 


Mosses and liverworts have 
very delicate tissues which 
are rarely preserved in the 
fossil record. They are how- 
ever very ancient groups, 
and probably date from 
Cambrian times. 


OF PAST 
RESERVED IN CARBONIFEROUS ROCK 


The fossil remains of fungi 
are also rare. From the little 
that is known about their 
history, there seems to 
have been hardly any change 
in their habits or structures 
at least since Carboniferous 
times. Different groups of 
fungi probably evolved 
from different algal ances- 
tors. 
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belongs stretch back to late Carboni- 
ferous times. 
Also amongst the Carboniferous fos- 


_ sils recovered are numerous Pterido- 


sperms (Seed-Ferns). They looked like 
ferns yet bore seeds instead of spores. 
They survived until Cretaceous times 
and then became extinct. 

- Possibly they are the ancestors of 
the last great group of plants to 
appear — the angiosperms or flowering 
plants. 

Angiosperms first appear in Middle 

Cretaceous rocks 120 million years 
old. ,They were already quite varied. 


They include forms very similar to 
many present-day forms — magnolias, 
oaks and poplars. They very rapidly 
became the dominant group of plants. 
In the face of this vigorous competition 
many old groups of plants declined. 
The sudden emergence of the angio- 
sperms as an already varied and 
distinct group is probably due to poor 
preservation in the fossil record. Again 
it seems likely that early evolution took 
place on high ground where there was 
little chance of remains becoming 
fossilized. Perhaps: the angiosperms 
stretch back as far as Permian times. 
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| ELECTRICITY | 


The Electrostatic Voltmeter 


WHEN a glass rod is rubbed with a 
silk cloth, electrons are lost by 
the rod and deposited on the cloth. 
Work has been done in transferring the 
electrons, and the result is a negatively 
charged cloth and a positive rod. 

Work must always be done when 
electrons are removed from a body. 
The negatively charged electrons are 
held in place by the forces of attraction 
between them and the positive nuclei 
of the atoms in the body. Energy is 
spent in separating the two charges, 
but it is not wasted because energy is 
being stored. It is a form of potential 
energy. ‘This means that work can be 
done when it is released. For example, 
if the positively charged rod is held 
near to an uncharged (earthed) sur- 
face, a spark will pass between them. 
The spark is a form of electric current. 
The potential energy in the rod is con- 
verted to electrical energy and light 
and heat energy in the spark. 

When an electrical circuit is made 
by connecting a piece of wire between 
the terminals ofa battery, the electrons 
can pass round the circuit because they 
are given energy by the battery. 

The energy of the electrons passing 
round the circuit may be compared 
with the energy of water rushing down 
a pipe from a hill-top reservoir. 
Electric Potential 

The water can rush down the pipe 
because it has potential energy from 


When a glass rod is rubbed with a silk 
cloth, electrons are transferred from the 
rod to the cloth. The rod is left with a 
positive charge and electrons are carried 
away on the cloth. 
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POSITION OF SPOT 
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ENERGY STORED 
IN ROD AND CLOTH 


Work has been done in separating some of the electrons in the rod from the positive nuclei. 
Energy is stored in the rod and cloth because opposite charges have been separated. 


when it was stored in the reservoir. 
Similarly, the energy needed to make 
electrons move comes from their 
potential energy when they were 
stored in the battery. They possess this 
energy in the battery because one plate 
(the negative) has an excess of elec- 
trons, whilst the other, positive, plate 
has a deficit. When the conducting 
wire is connected between the two 
plates electrons pass from the negative 
plate to the positive, in an attempt to 
‘even up’ the electrons on each plate. 
In this way, the battery produces a 
potential ‘drop’ or ‘gradient’ for the 
electrons to flow down, rather like the 
slope of the hill that caused the reser- 
voir to empty. Whenever electrons 
flow from one point to another in a 
circuit there must be a source of 
potential energy to draw on. 

This can be provided by a dry cell or 
battery, an electric dynamo or genera- 
tor. Between the output terminals of 
any of these there is a difference in 
potential, and this is measured in volts. 
The potential or voltage of a source is 
a measure of the energy it can give 
electrons in an external circuit. 
Measuring voltage 

There are a number of ways that 
voltage can be measured. The ordinary 
voltmeter depends on Ohm’s law. If 
the current pushed through a known 
resistance is measured, then the poten- 
tial difference pushing the current is 
given by: 

Potential difference = current 
x resistance 
This is the basis of most simple volt- 
meters. The current passing is 
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The stored energy is released when the rod is 
held touching or near to a neutral (earthed) 
surface. These electrons flow from the sur- 
face to neutralize the charge on the rod, or 
might even jump the gap to form aspark. The 
energy is released as heat or light energy in 
the spark or in the electron current. 


CHARGED ROD 
HAS POTENTIAL 
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measured by the deflection of a coil 
suspended between the poles of a 
magnet. 

This method is satisfactory for most 
applications, but it is not suitable for 
others. The reason for this is that some- 
times the voltmeter itself can affect the 
voltage being measured. The voltage 
difference between the two plates of a 
capacitor, for example, exists because 
there is (as in a battery) an excess of 
electrons on one plate, and a deficit on 
the other. Connect the voltmeter 
terminals to the two plates to measure 
the voltage difference and the charge 
takes the route through the voltmeter. 
It disappears from the plates leaving a 
smaller voltage difference between 
them so the measurement has affected 
the voltage. A meter is needed which 
takes virtually no current. The electro- 
static voltmeter does this. 

The Electrostatic Voltmeter 

This instrument depends on a basic 
rule in electricity — that unlike charges 
attract, and like charges repel each other. In 
the electrostatic voltmeter one ter- 
minal is connected to a moving metal 
vane which rotates on a pivot. Its 
movement is restricted by a spring. 
When it moves, it swings towards a 
metal electrode connected to the 
second terminal. When capacitor 
plates are connected across the two 
terminals, the vane becomes, say, 
positively charged and the electrode 
negatively charged. Because of this the 
vane is attracted into the electrode. A 
pointer is attached to the vane so the 
amount of rotation can be read off a 
scale. 


ELECTRONS 
HAVE ENERGY 


STORES POTENTIAL 
ENERGY 


RESISTOR 


Whenever there is a charged body or charge 
separation, it represents a form of stored 
potential energy. This is measured (in volts) 
by comparison with the potential of the 
Earth, which is zero. There is charge separa- 
tion in a battery or cell or a charged capaci- 
tor, and a potential difference exists between 
the plates. This can give electrons energy ina 
circuit. It is usual to talk of the potential of a 
charged body. 


e-—»> +e 
Unlike charges attract each other. This is 
the principle behind the electrostatic 
voltmeter. 


MOVEABLE 
VANE 


The moveable vane swings into the 
fixed electrode when a _ potential 
difference is applied between the ter- 
minals. The swing is constrained by the 
spring and the dial is calibrated in 
volts. 
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The range of the voltmeter is extended 
by using a multiplier. The voltage to 
be measured is connected across a 
series string of capacitors. The volt- 
meter itself is placed across one or 
more of these so that a proportion of 
the voltage is ‘sampled’ by the volt- 
meter. Electrostatic voltmeters can 
measure very high voltages, both al- 
ternating and direct. 
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VOLTMETER MEASURES = 
POTENTIAL DIFFERENCES 
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ATOMIC PHYSICS 


EXCITED ATOMS 
i AND MOLECULES 
<.. IN GEISSLER TUBE 
GIVE OUT LIGHT 


LIGHT IS SPLIT INTO 


DIFFERENT WAVELENGTHS IN SPECTROSCOPE 


THE SPECTRUM - Energy Chart of the Molecule 


WEEN a tuning fork is struck, it 
gives out a musical note of 
definite pitch (frequency). The energy 
of the blow is absorbed. by the prongs 
and the fork gets rid of some of this 
energy by vibrating and setting up a 
train of sound waves. By listening to 
the sound, it would be possible to find 
out quite a lot about the tuning fork. 
The frequency of the sound is the same 
as the rate of vibration of the prongs. 
If the fork gives out low notes, it must 
be a big fork with heavy prongs; if a 
high note, the prongs must be small 
and light so that they can vibrate more 
quickly. 
The way the prongs vibrate can be 


REGULAR WAVEFORM 


When a tuning fork is banged on a table 

it gives out a pure musical note. The 

sound is carried because a train of com- 

So waves passes through the air. 

waves are picked up by the micro- 

_ phone and produce a wave pattern on the 
cathode ray oscilloscope. — 
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GIVES JUMBLED PATTERN 


When a stone is thrown at a metal oil- 
can it gives out a sound because the metal 
surface vibrates. The sound is a jumbled 
. mixture of musical notes, and the wave 
trace on the oscilloscope is an irregular 
_— This mixture of notes is found to 
pe always the same for the particular can. 
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studied very easily by taking a slow 
motion film. But the behaviour of an 
atom or molecule cannot be examined 
in this way, even under the most 
powerful microscope. The behaviour 
of the tiny atom is made apparent by 
‘striking’ the atom and sampling the 
‘note’ that is given out. The atom is 
struck by a moving electron, and the 
energy given out is in the form of light 
waves, not musical notes. By studying 
the light waves, a lot can be learned 
about the atom or molecule that is 
giving it out. 

The spectrum of an atom or mole- 
cule can be produced by passing an 
electrical discharge through a speci- 
men of the gas. In the discharge, 
electrons collide with the atoms and 
excite them so that they give out light. 
The light given out is normally a 
complicated mixture of different 
colours or wavelengths. These might 
range right through the visible spec- 
trum, from red to violet, or might be in 
the invisible ultra-violet or infra-red 
regions. By sorting out the spectrum of 
a molecule the spectroscopist can 
learn a great deal about the structure 
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Light of different colours has different 
wavelengths. Red light has the longest wave- 
length and blue light the shortest, in the 

visible spectrum. The longer the wavelength 

of the light, the less its energy. The energies 

of the light of different colours can be shown 


on an energy diagram. 


and behaviour of the molecule. In fact, 
the science of spectroscopy has pro- 
vided us with a great deal of vital 
information about the’ structure of 
matter. 
Wavelength and Energy 

Light can be split into its different 
colours by passing it through a spectro- 
scope. In its simplest form this consists 
of a glass or quartz prism. This pro- 
duces a spectrum of the light, which is 
simply a display of all the colours 
present, arranged in order of wave- 
length. Now the shorter the wave- 
length of the light, the greater its 
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energy. For example, green light is of 
greater energy than yellow light, be- 
cause yellow light has the greater 
wavelength. If one substance in a dis- 
charge tube gives out green light and 
another yellow light, it means that the 
first type of atom is giving out more 
energy than the second. 

Electronic Spectra 

What sorts of energy changes 
(transitions) might be expected in a 
molecule of hydrogen gas in a dis- 
charge tube? The first sort is electronic 
excitation. The electrons in a molecule 
occupy orbits around the positively 
charged nuclei of the molecule. When 
they receive energy they are knocked 
into an orbit further from the nucleus. 
When an electron returns to its original 
orbit, it gives up this energy as light 
of a quite definite wavelength. By 
measuring the wavelength of the light, 
the differences in energy of the elec- 
trons in orbits in an atom or molecule 
are easily found. 

When all the light given out is due 
to electronic excitation alone, the 
spectrum consists of sets of quite 
distinct lines. This is the line spectrum. 
The whole pattern.of lines in an elec- 
tronic spectrum will provide very 
complete information about the elec- 
tron orbits in the atom or molecule. It 
is found that electrons can only take 
up very definite orbits in a particular 
atom or molecule, and the energies of 
the electron in these orbits can be 
worked out very accurately from the 
positions of the lines in the spectrum. 
The Vibrational Spectrum 

If the spectrum of a molecule like 
nitrogen or hydrogen is examined, it 
will be seen that it is made up of a 
series of bands. The line spectrum of an 
atom is caused by an energy change 
involving the electrons around the 
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An electron is knocked from an inner orbit to an outér one. When it returns to its 
original orbit it gives out light. The further out the orbit the more energy given out 
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When a molecule is given energy three sorts of excitation result. (a) Electrons are 
thrown to outer orbits. (b) The nuclei of the atom in the molecule vibrate. (c) The 


molecule rotates. The energy iba out gives rise to the complicated band spectrum. 
a 


Each band consists of rotational lines. 


nuclei. The band spectrum is caused 
by energy given out when the nuclei 
in a molecule vibrate. The nuclei 
pulsate to and fro with the distance 
between them varying. A series of 
bands is formed by different molecules 
absorbing different amounts of energy 
in the discharge tube and emitting 
various wavelengths. The band spec- 
trum of a particular type of molecule 
is always the same because the dif- 
ferent amounts of energy that can be 
given out are rigidly defined — just as a 
tuning fork will give out only a 
definite fundamental note. The same 
tuning fork always gives out the same 
sound and the same molecule gives 
out the same spectrum. The vibra- 
tional spectrum is superimposed on 
the electronic spectrum so any par- 
ticular band in it represents the com- 
bined effects of the energy from an 
excited electron and that from the 
vibrating nuclei. 


LIGHT FROM 
MOLECULES IS 
SPLIT INTO 
BAND SPECTRUM 


By studying band spectra of mole- 
cules information is gained about the 
forces that bind the atoms together in 
a molecule. 

Rotational Spectrum 
The bands of the spectrum are made 


Light is given out when an electron 
excited to an outer orbit, or a vibrating 
or rotating molecule returns to its 
ground state. The wavelength of the 
light depends on the difference in 
energy between the excited level and 
the ground state. There is a compli- 
cated mixture of wavelengths given 
out by the excited molecules but the 
wavelengths are fixed because only 
certain energy jumps are possible. 
These are called allowed transitions 
and the wavelengths due to allowed 
transitions can be worked out from 
theory. 


up of fine lines. These are created by 
light energy given out when the mole- 
cules rotate. Once again the rotational 
energies are fixed for a particular 
molecule. So the sets of rotational lines 
in the bands are always in the same 
position in the spectrum. 

The rotational energy of any body 
depends on its size, mass, and shape 
and this is as true of a molecule as it is 
of a spinning top. So from the rota- 
tional spectrum the length of the 
chemical bonds between atoms in 
molecules are found. 
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FRESH WATER FROM THE SEA 


AN adequate supply of fresh water — 


water containing a minimum of 
dissolved minerals — is essential to life. 
Without water both plants and 
animals perish. Natural water supplies 
on land depend ultimately upon 
Nature’s own purification system, 
namely the evaporation of surface 
water and its subsequent precipitation 
as rain, sleet or snow. 

In many parts of the world Man is 
able to conserve water by damming 
rivers to make reservoirs and by 
digging wells. There are, however, 
some areas where there is a serious 
shortage of water. The problem is 


Flow diagram for purifying sea water 
by freezing. Notice how the incoming 
sea water is cooled by the cold pure 
water and by the brine going to waste. 
Conserving energy in this way is essen- 
tial to the economics of the process. 


particularly acute on the compara- 
tively small, densely populated islands 
such as Hong Kong, the Bahamas and 
even the Channel Islands. Although 
rainfall on these islands is moderate, 
there is not enough to meet the enor- 
mous demand for fresh water. 

In addition to shortages of this type, 
the demand for water increases daily. 
There is a continuing need to produce 
more food to satisfy the appetite of the 
world’s ever growing population, and 
this can only be achieved by irrigating 
and cultivating semi-desert regions — 
regions where the natural rainfall is 
slight. 


The consumption of water and of 
fuel per head of population is a good 
indication of the standard of living of a 
community. And as living standards 
are rising in many parts of the world, 
so too is the demand for water. 

Some years ago it became clear that 
the demand for fresh water would 
eventually outstrip natural supplies. 
So while water engineers continued to 
search for the few remaining sites for 
reservoirs and bore-holes, scientists 
started to investigate possible methods 
of producing fresh: water from the 
greatest natural reservoir — the sea. 
Flash Evaporation 

The first experiments imitated the 
natural method of de-salting sea water, 
namely, to evaporate the water. When 
sea water (or other water containing 
dissolved minerals) is heated, only the 
water evaporates — the dissolved salts 
remain in solution. In areas where 
there is plenty of sunshine, it has been 
possible to develop de-salting plants 
which use solar energy. 

In most areas the energy needed to 
evaporate the water has to be 
generated by burning fuel. And as fuel 
is quite expensive, there is a continual 
search for methods which make the 
most economic use of the heat energy. 
Straightforward distillation of sea 
water at atmospheric pressure is quite 
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(Above) External view of a plant purifying 
water by multiflash evaporation. (Right) 
A section through the plant showing the 
flows of the various streams. 


wasteful if no use is made of the heat 
extracted by the cooling water leaving 
the condensers. In practice the cooling 
water is also the supply for the evapor- 
ators. The heat taken from the vapour 
as it condenses serves to pre-heat the 
water which is to be evaporated next. 

The boiling point of water varies 
with pressure — at normal atmospheric 
pressure (760 mm. Hg.) water boils at 
100°C., but if the pressure is doubled 
(to 1520 mm. Hg.) the water does not 
boil until its temperature is raised to 
120°1°C. So if water at twice atmos- 
pheric pressure is heated to 115°C., it 
will not boil. But if the pressure is 
suddenly reduced to one and _ half 
atmospheres, some of the water will 


de-ionized water and strong brine. 


NEGATIVE IONS 
REPELLED BY RED 
MEMBRANES 


tiles 


IONS MIGRATE 
TOWARDS ANODE 


This diagram illustrates the principle of purifying sea water by electrodialysis. The 
electrical potential between the two electrodes of the cell causes the positive and nega- 
tive ions to migrate towards the cathode and anode respectively. However, this move- 
ment is prevented by the membranes stretched across the cell. Alternate membranes 
prevent the passage of positive or negative ions, so that alternate channels contain 
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quickly vaporize. (Boiling brought 
about by suddenly reducing pressure 
is known as flashing). More water 
vapour will flash off if the pressure is 
dropped again (to atmospheric pres- 
sure, say). 

This is the principle behind the 
multiflash evaporation system. But to 
make the best possible use of the fuel 
there may be as many as twenty stages, 
or effects, with a small pressure drop 
between each. The boiling liquid 
(from which steam flashes) progresses 
through the plant in one direction, 
and in so doing its temperature 
gradually falls. At the same time the 
temperature of the salty cooling water 
is raised by passing it in the reverse 
direction. One of the limitations on this 
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type of plant is that scale forms on the 
walls of the evaporators when some of 
the dissolved salts crystallize out. 

The greatest possible saving in fuel 
costs can be made if a multiflash 
evaporator is run in conjunction with a 
steam turbine electricity generator. 
Here there is a mutual saving. The 
low pressure steam from the exhaust 
side of the steam turbine is ideal as a 
source of fresh water. Furthermore, the 
salty feed water to the boilers can be 
used for condensing the steam, at the 
same time being pre-heated. 

Freeze Separation 

When salt water is cooled down to 
temperatures slightly below 0°C., only 
the water freezes to form ice. The dis- 
solved salts remain in solution (i.e. in 
the liquid). So if the ice can be 
separated from the unfrozen brine, 
fresh water will be produced when the 
ice melts. 

For water the latent heat of fusion 
is much less than the latent heat of 
vaporization. Furthermore, the nor- 
mal temperatures of sea water are 
closer to the freezing point of water 
than to its boiling point. Thus, on a 
basis of fuel costs, this method is 
rather more attractive than multiflash 
evaporation. 

There are, however, a number of 
technical difficulties to be overcome 
before de-salting plants based on this 
principle can be put into general use. 
The principal problem concerns the 
separation of the small crystals of pure 
ice trom the brine. The crystals tend 
to cling together and to trap brine 


1867 


The Water Cycle 


When rain falls, some of the water 
evaporates as soon as it reaches the 
ground. The remainder of the water 
may stay on the surface or soak through 
it. This depends upon the properties of 
the surface. If it is porous, the water 
soaks through until it reaches a layer 
of rock which is not porous. The water 
which collects here may form an 
underground reservoir or may flow 
downhill and emerge as a spring. Some 
of the water which soaks into the soil 
is absorbed by the roots of plants and is 
returned to the atmosphere through 
the leaves. 

The rain water which remains on the 
surface collects in small streams which 
flow into rivers and eventually reach 
the sea. Much of the water used for 
domestic and industrial purposes also 
joins the rivers after treatment to 
remove objectionable impurities. 

The sea is the largest natural reser- 
voir and water is continually evaporat- 
ing from it, ready to form the clouds 
from which more rain will fall, so 
maintaining this cycle, and providing 
plants and animals with the water they 
require for their survival. 
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SOME OF THE 
WATER VAPOUR 
COLLECTS IN CLOUDS 


droplets between them. Among the 
several methods tried the most promis- 
ing seem to involve washing the ice 
crystals with fresh water (though this is 
wasteful of the product), or using a 
centrifuge. 

Electrodialysis 

In this process a direct electric 
current flows between the sides of the 
narrow passages along which the salt 
water is passed. This current causes 
sodium and other positively charged 
ions and the chlorine and other 
negatively charged ions to migrate 
towards charged membranes which 
line the passages. Alternate mem- 
branes are electrically positive and 
electrically negative. 

The effect of the electrical potential 
between the membranes is to de-salt 
the water in some compartments, 
while the concentration of salt in 
alternate compartments is higher. 


At present it is doubtful whether this 
process is practicable for de-salting 
sea water (which has a salinity of 
between 30 and 35 parts per thou- 
sand). It is, however, quite satisfactory 
for treating water which contains per- 
haps 5 or 10 parts per thousand of 
dissolved salt. 

Other Methods 

Altogether about twenty different 
methods of de-salting sea water have 
been suggested and have reached 
various stages in development. Evap- 
oration was the first method to be 
used, so it is hardly surprising that the 
largest number of de-salting plants (in- 
cluding those used on board ship) 
work on this principle. 

Processes depending upon osmosis, 
chemical precipitation, and separa- 
tion by organic solvents are amongst 
those being investigated at the present 
time. 
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complicated series of tasks before laying its 


HE thrush is not taught to build its 

nest nor the garden spider to spin 

its web. These are instincts — actions 

which are inborn and do not have to be 
learned. 

Instincts are common in the animal 
kingdom, particularly amongst the 
lower orders of life. They account for 
much of animal behaviour — courtship 
displays, protective care of the young, 
migratory drives and reaction to dan- 
gers. The pattern of behaviour begins 
usually after a stimulus to one or more 
of the sense organs. Such a stimulus is 
called a releaser. A loud noise — and 
instinctively, animals take evasive 
action, fleeing or crouching motion- 
less to the ground. Instincts like nest- 
building and web and cocoon spinning 
are perfect from the start. Caterpillars 
of different species of moth spin their 
own types of cocoon once only in their 
lives — but they do it perfectly. Young 


The claiming of home territory particularly in breeding seasons lg 
strong instinctive behaviour in animals and birds. Birds usually:= 
indicate their territory by singing along the boundaries. Thela 
European bison marks trees with its horns and leaves its scent; they 
antelope scents trees with secretion from special glands below th 


eyes. 


eggs. The female digs a hole in the ground. 
Then she seeks a caterpillar. When one 1s 
found she stings it—not to kill but to 
paralyse — drags it to the hole and lays eggs 
upon it. Later the grubs hatch and eat the 
caterpillar. The wasp has never seen 
another wasp perform the task ; nor will she 
see the young eat the caterpillar. The whole 
process ts done by instinct. 


birds reared in isolation away from 
parents nevertheless build exactly 
similar nests even down to the material 
used. Other instincts like Man’s in- 
stinct to walk take time and practice 
to become _ perfect. 

Each species of animal has its own 
different range and type of instinct. 
All members of a species will usually 
behave in much the same way to a 
stimulus. Instincts are just as much a 
part of an animal as the structures 
which identify its body. 

Instincts are purposeful. Although 
carried out without any learning or 
reason, they fulfil a definite and 
usually valuable function. Some are 
simple enough. A mole bites off the 
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difficult to forget. At milking time these cows still gather at a certain point in a field 
even though the gate-way has been moved somewhere else. 


heads of worms it wishes to store for 
food. The body of the worm remains 
alive, but devoid of its head, it cannot 
burrow and escape. More complicated 
are the engineering feats of the beaver. 
The beaver fells trees, transports them 
along specially constructed canals and 
builds them into dams. 

A variety of instinctive behaviour is 
associated with courtship in different 
species. The bold parading of pheasant 
and turkey cocks are common ex- 
amples. Male redstarts hold a singing 
contest, ringed plovers demonstrate 
their powers of flight, while deer and 
many other animals engage in con- 
tests of strength. 

More amazing are certain impulsive 
instincts to emigrate from a region. 
When their populations become over- 
crowded in Norway, hundreds of thou- 
sands of lemmings, vole-like rodents, 
begin a colossal mass migration from 
their homes. Unless a new unoccupied 
territory is reached the migration con- 
tinues. The death rate is enormous for 
the fleeing lemmings are easy prey; 
many more drown in the rivers and 
seas they encounter. Similar emigra- 
tions have been observed in the Spring- 
bok of South Africa. Less drastic are 
the seasonal migrations of birds and 
animals. Regular passages are made 
from areas where reproduction takes 
place to regions in which winter is 
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tend to copy the actions of one an- 
other. This instinct is called mimesis 
(mime-EE-sis). Man is no exception 
to this instinct; if one person yawns 
others follow suit. The value of all 
examples of mimesis is not clear. But 
undoubtedly the copying of others has 
some survival value. If one animal 
spots danger and flees, those following 
also avoid trouble. 

Self preservation is a universal in- 
stinct in the animal kingdom. Yet 
when rearing young, the instinct to 
protect the offspring is often even 
stronger. Many mammals and birds 
will stand and fight an aggressor when 
normally they would have fled. 
Ground-nesting birds such as the sky- 
lark may put on a decoy display. When 
an aggressor appears, near the nest, 
the parent bird attracts attention to 
itself by screeching and flapping its 
wings. 

Because there is no forethought or 
reasoning behind instincts, their func- 
tion sometimes becomes impaired. 
The male penguin, for instance, incu- 
bates the egg laid by the female, by 
supporting it on its foot. If no egg 
becomes available the penguin will 


Animals which live in communities§ay B, 
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The cow’s instinct to feed has been modified by electric shocks received from a | 
wire fence. The cow no longer attempts to pass beyond the wire but will stretch 


out as far as it can without touching the fence. Right, a egrtain poi may be 


i A be $2! 
obey its £€.3 jy substituting a 
round stone. Birds feed their young 
because the sight of gaping mouths is 
the releaser to supply food. It does not 
matter whether it is their own young 
or not—food is pushed into any 
gaping mouth. Blackbirds have been 
known to feed the hungry young of 
Great Tits; foster-parents feed the 
young cuckoo hatched in their nest 
without any hesitation. 

Instinctive behaviour with appar- 
ently the least purpose, is found in 
animals taken away from their natural 
environments. Dogs still bury bones 
despite regular feeding; they even 
may turn around a few times before 
settling down in their baskets — as 
though flattening grass into a good 
bed. 

Learning 

Instincts regulate the lives of ani- 
mals like pieces of machinery. An 
outside action takes place, this pro- 
vides a stimulus and a fixed pattern of 
behaviour takes place. Animals which 
rely largely upon instincts — nearly all 


Some instincts are always present in 
an animal —defensive attitudes and 
defensive colour changes for instance. 
Other instincts appear only at certain 
times. Such periodic occurrences of 
instinct are often due to the action 
of hormones — chemical substances se- 
creted by glands inside the body. The 
hormones pass into the blood stream 
and so reach the brain. Marked changes 
in animal behaviour can often be 
brought about by upsetting the hor- 
mone balance. 

The activity of the hormone does not 
itself directly cause a piece of be- 
haviour. It makes possible one or a 
whole series of instinctive actions 
when certain outside signals are re- 
ceived from the outside world. At 
breeding periods for instance, a male 
bird may display to a female of the 
same species whereas the appearance 
of another male causes aggressive 
behaviour. 

Sometimes instinctive drives may be 
so powerful that they produce be- 
haviour without the usual outside 
stimulus. In the absence of a mate, 
captive birds and animals may display 
to their keepers instead. 

Instincts are obviously of great value 
to animals. They provide a method of 
survival and a method of successfully 
breeding and rearing offspring. They 
have been built up over the ages by 
the process of natural selection. The 
individuals performing certain types 
of behaviour will survive to transmit 
them to their young. 


except some of the mammals and 
birds — lack personality. They all behave 
in much the same way as other mem- 
bers of their species. 

Escape from this internal machine is 
to some extent possible — by a process 
of learning. Learning has the effect of 
modifying the instinct. Actions no 
longer take place blindly but are con- 
ditioned by past experiences. Two 
simple types of learning are habituation 
and association. In habituation, the 
initial instinct is lost. Though the old 
stimulus occurs there is no reaction to 
it. Domestic animals for instance no 
longer flee from Man. Association (or 
conditioning) takes place when the 
original stimulus is replaced by an- 


other. Domestic animals may no lon- ' 


ger associate Man with danger but 
instead with food or comfort. 

Association is the method by which 
animals remember. An_ encounter 
leading to an unpleasant experience is 
avoided at a future date. An encounter 
which ended in a reward will be re- 
peated. In this manner animals can be 
trained. 


The ability to ‘remember’ exists to 
some degree in even simple animals 
such as snails and worms. By ex- 
perience with mild electric shocks they 
learn to avoid making journeys which 
will bring them in contact with the 
shock. Bees and wasps certainly have 
the ability to learn. They soon recog- 
nize the landmarks surrounding their 
nests or hives and are able to move 
about without losing their way. 

By trial-and-error an animal builds 
up solutions to a number of problems. 
A dog attempting to reach food on the 
other side of a fence may come across a 
hole in the fence. He remembers the 
hole on future occasions and when 
presented with a different fence may 
again search for an outlet. In this way 
dogs appear to reason though all they 
are doing in fact is remembering 
similar past situations. 

Man has not only the ability to learn 
by trial-and-error but has developed a 
further type of learning. This is znsight- 
learning — the ability to think out a 


a 

A chick inside an egg shell instinctively pecks its way out into the world. Without this 
instinct the chick would suffocate inside the egg. What can be eaten and what cannot, is 
learned. At first, the chick pecks at anything — pebbles and wood. By association it learns 
what objects make good food. 


situation before taking any action. 
A completely new problem never en- 
countered before is overcome by re- 
organizing all previous experiences. A 
solution is found not by the long and 
troublesome method of trial-and- 
error. Nor is there a similar problem 
of the past to remember. The brain 
simply reasons its way forward from a 
number of general observations and 
experiences. 

Monkeys have been found to possess 
something of this ability. They have 
obtained food placed out of reach by 
piling up boxes one on top of the other 
and they have used sticks to reach food 
outside of their cages. These are truly 
reasoned actions for they could never 
have encountered exactly similar 
problems in the wild. Dogs, rats and a 
few other mammals also have some 
reasoning ability, though usually they 
only solve a problem of which they 
have had past experience. The enor- 
mous development of insight-learning 
has helped Man to master the world 
around him. 


This chimpanzee shows signs of insight- 
learning. Without previously encountering 
this situation, it uses a bamboo stick to 
reach out and drag bananas into its cage. 
Human beings can likewise solve problems 
which they have never encountered before, 
only to a much greater degree. 


¥ 
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| TECHNOLOGY | 


A miniature, low power soldering iron is 
best for soldering transistors. A pair of 
pliers is useful as a heat ‘shunt’. 


damage the transistor. So it is always 
advisable to provide an alternative 
route for the heat. A pair of pliers 
clamped on to the wire is a good way of 


re-routing the heat. The pliers are 


made from metal (a good heat-con- 
ductor) and have a relatively large 
capacity for absorbing heat. 

The soldering iron should be a small 
one so that its heat capacity is low, and 
it should touch the soldered joint for as 
short a time as possible. 

Limiting the Current 

Excessive current in a transistor is 
just as bad for it as excessive heating. 
In fact, a heavy current passing 
through a transistor heats the solid. 
Moving particles carrying the electric 


SOLDERING TRANSISTORS 


FLECTRONIC valves are not very 

robust. The glass bulb may not 
shatter if the valve is dropped, but, 
even so the inside may be extensively 
damaged. The delicate spirals of fine 
wire which control the flow of current 
in the valve can be mixed up or broken 
by rough treatment. 

It is not advisable to drop transistors, 
just to prove that they are much more 
robust than valves. There is nothing 
particularly brittle or delicately 
balanced in the transistor. In most | uke Argues gee 
transistors, it is a tiny sandwich of Pliers clamped on to the soldered lead 
conduct heat away, and prevent heat 


SOLDERING IRON 


damage. 


we 


three types of solid, semiconducting 
material. 

But if the transistor is not sensitive 
to dropping, it is particularly sensitive 
to heating. This destroys the arrange- 
ment of atoms within it, and the trans- 
istor is damaged beyond repair. Heat 
is always needed to solder a transistor 
into a circuit. The soldering iron heats 
the solder, and then heat from the 
solder can be conducted, through the 
wires leading into the transistor, to the 
blob of semiconductor solid. This can 


Valves are very fragile. Transistors are 
comparatively robust. There is little in 
the solid transistor to break. 
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The soldering iron should touch the lead 
for as short a time as possible. rie Sate 


current hit stationary particles of the 
semiconductor; the stationary part- 
icles become hot and perhaps discard 
a few electrons. The electrons can 
then take part in the current flow 
through the transistor, heating it up 
more and more, inducing more of the 
stationary semiconducting atoms to 
part with electrons. The whole process 
avalanches, the transistor becomes 
very hot and soon burns itself out. 
Transistor circuits should never be 
soldered with the current supply to the 
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The transistor is a ‘sandwich’ of pieces of solid, semiconducting material. Although it is 
robust, it can be easily damaged by overheating. The diagram on the right shows the 
working of the transistor. Fhe current flowing from emitter to collector is controlled at 
the base. A heavy current passing through the solid semiconductor can knock electrons 
away from the semiconductor atoms. The electrons join in the current flow, which can 
then avalanche, and burn out the transistor. 
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circuit switched on. It is quite easy to 
short-circuit two of the transistor leads 
with the conducting end of the solder- 
ing iron. A large current then flows 


through parts of the transistor. The 
same can happen if another com- 
ponent in the circuit is changed with 
the circuit still switched on. A current 
surge can reach the transistor, and 
damage it. 

The soldering iron itself should 
always be earthed. If it is not earthed, 
the insulation between the heating 
element and the hot soldering ‘bit’ 
could possibly break down, and the bit 
could become ‘live’. Most soldering 
irons use electricity from the mains at a 


voltage of one or two hundred volts. 
Most transistors are made to stand up 
to only a few volts. Consequently a live 
soldering ‘bit’ at high voltage can 


harm the transistor. The high voltage 
causes enough current to flow through 
the transistor to burn it out. 

Small battery-operated soldering 
irons are safest for transistors. They 
heat up in a matter of seconds, and 
some are equipped with automatic 
temperature control. 

Connecting in the circuit 

There is little danger of fitting a 
valve the wrong way in its socket. The 
valve pins are arranged so that there is 
only one possible way of getting them 


to fit into the valve socket. However, it 
is not difficult to mix the transistor 
leads. 

Many common transistors have 
three leads, to the emitter, the base and 
the collector. The emitter and the 
collector are connected to a power 
supply so that an electric current is 
emitted by the emitter and collected 
by the collector. The base comes in 
between emitter and collector, and the 
electric signal entering the transistor 
is usually fed in through the base lead. 

On some transistors, the leads can be 
distinguished from each other by a 
small red spot painted at the bottom of 
the case. This is nearest the collector. 
The three leads are in line, with the 
base lead in the middle. The base lead 
is nearer the emitter lead than it is to 
the collector lead. 

This is, however, not a hard and fast 
rule. The systems for marking and 
arranging the leads vary. Some trans- 
istors have more than three leads. It is 
best to check the manufacturer’s 
manual before soldering the transistor. 
If the leads are mixed up, the charac- 
teristics of the transistor may be 
permanently affected. The same thing 
may happen if the battery is connected 
in the circuit the wrong way round. 

Instruments used to test valve cir- 
cuits may be unsuitable for trans- 
istor circuits. Measurements of resist- 
ances in the circuit, and tests for con- 
tinuous circuits should not be made 
with meters which give a high output 
voltage. 1 °5 volts is about the highest 
voltage it is safe to use with these 
instruments. 


Transistors can be damaged by bend- 
ing the wire leads too near the seal at 
the bottom of the transistor. The light- 
proof, water-proof seal may be broken. 
Light can affect the currents flowing 
inside the transistor by releasing elec- 
trons. Consequently, the case should 
not be damaged to let light in. On the 
other hand, the leads should not be left 
too long. Besides looking untidy, long 
leads increase the likelihood of short 
circuits. There is also a danger of 
picking up unwanted signals with long 
leads. 
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CIVIL ENGINEERING 


REINFORCED and PRESTRESSED 
CONCRETE CONCRETE used as a building 


|. A beam of ordinary concrete sub- 
jected to a bending load. 2. By embed- 
ding a reinforcing bar into the beam, 
its lower edge has strength in tension. 
3. A precast concrete beam before the 
cables have been threaded through the 
ducts. 4. By putting the cables in 
tension, the length of the beam has 
been reduced, and compressive forces 
have been established in it. 5. When 
subjected to a bending load, the com- 
pressive force in the lower edge of the 
prestressed beam is reduced. 


material has great mechanical 
strength so long as the loads it is called 
on to carry press the concrete against 
itself and the concrete is in compression. 
But when the forces on the concrete 
pull it in opposite directions — when 
it is in tension — its strength is severely 
limited. 

Because of this, ordinary concrete is 
never used if all the forces likely to act 
on it are tension forces. But in con- 
struction work the different parts of a 
structure are almost always at least 
partly in tension. This is because 
forces that try to bend a beam produce 
both compression and tension at the 
same time. When a beam is bent, the 
face of the beam on the outside of the 
curve tries to stretch and _ tension 
forces are set up. In the same way the 
face of the beam on the inside of the 
curve is shortened and compressive 
forces develop. 

Ordinary concrete has little strength 
in tension, so if a beam composed of 
nothing but concrete is placed under a 
constant bending load the concrete in 
the part under compression will do its 
job well. However, the part of the 
beam in tension will dévelop cracks 
and eventually the beam will fail. 

These bending forces occur in almost 
every part of a structure except mas- 
sive piers and foundations. In a bridge, 
for instance, the weight of the struc- 
ture itself sets up bending forces. To 
this dead load, which is constant, must 
be added the live load which varies 
according to the weight and the posi- 
tion of the traffic on the bridge. 

These same forces are set up when- 
ever a beam or a slab — for instance, in 


the floor of a building — is supported 
only at a few points. Even in vertical 
columns, such as the stanchions of a 
high building, where most of the 
forces are compression forces, these 
bending forces are present. Wind 
blowing against the side of a high 
building can also create considerable 
bending forces. 

Since ordinary concrete is not itself 
suitable, steel reinforcing bars, which 
have a high strength under tension, are 
embedded in the concrete to take up 
the tension forces while the concrete 
itself resists the compressive forces. 
Various methods are used to ensure 
that the tension forces are transmitted 
from the concrete to the steel and that 
the two materials act together. Often 
the slightly rough surface scale on the 
steel produced by corrosion is enough 
to provide a ‘key’, but for greater 
strength bars are often given a special 
surface or deformed to give a greater 
interaction between the two materials. 

It is also important that the concrete 
is solidly compacted around the re- 
inforcing bars— there should be no 
airpockets in the concrete. To ensure 
that the concrete fills the network of 
reinforcement completely, the wet 
concrete is usually compacted by 
vibration as soon as it is cast. 

Reinforcing was introduced in 
France over a century ago and today 
there are many thousands of outstand 
ing examples of architecture and 
engineering in reinforced concrete. 
Many of the finest examples, however, 
have only been made possible by the 
development of prestressed concrete. 

One of the biggest disadvantages of 
ordinary reinforced concrete is its 


Example of a recently erected reinforced concrete arch bridge. As 
compressive forces only are set up in the arch, the maximum use 
is made of the mechanical strength of the reinforced concrete. 


HIGH TENSILE 
STEEL WIRES 


A precast concrete beam being made ready for Post tensioning. After the tension wires have 
been threaded through the ducts, the wires are wedged in the anchor ring. The tension is 


applied by means of the hydraulic jack shown. 


great weight and bulk. The concrete 
in the part of a beam subject to ten- 
sion, for instance, serves mostly to 
enclose the reinforcing bars and does 
little structural work itself. This is 
particularly wasteful when the span 
of beams and floor slabs becomes 
longer. The weight of the beam could 
be so great that most of the strength in 
the structure is used just in supporting 
itself. 

In prestressed concrete strong steel 
bars or cables are used in addition to 
the ordinary reinforcing bars. These 
prestressing tendons are put under 
high tension, and when released the 
entire concrete element is subjected to 
compression forces, and bending for- 
ces that act in a direction opposite to 
the dead load. The forces set up by the 
prestressing tendons tend to push the 
centre of the beam or slab upward 
against its own weight. The bending 
forces in service are mostly those 


resulting from the live load, and when 
a live load is applied all it does is to 
relieve some of the compression forces. 
The original compression is always 
arranged to be greater than the tension 
the largest load is likely to produce. In 
this way the element should never be 
in tension. 

Prestressing is of two types. Pre- 
tenstoned concrete is cast around ten- 
dons which are already in tension. 
After the concrete has hardened the 
ends of the tendons are released and as 
they try to return to their original 
length the prestressing forces are set 
up in the concrete. Alternatively, the 
concrete can be post-tenstoned. When 
the concrete is cast, holes or ducts are 
left where the tendons will be placed. 
After the concrete has cured, the ten- 
dons are threaded through the ducts, 
anchored at one end and tightened to 
the desired tension by means of 
hydraulic jacks at the other end. When 


the final tension has been reached the 


tendons are anchored and the jacks 


released. This allows the tendons to 
set up the prestressing forces. 

By using prestressed concrete slen- 
der and attractive beams and slabs 
can be made to carry much greater 
loads. The attractive appearance of 
concrete bridges is possible only with 
prestressing. By reducing the amount 
of concrete needed, prestressing helps 
to reduce costs, and because the 
finished structure is so much lighter 
the foundations do not need to be so 
massive. 


Precast Coacree 

In the construction of eniiny large con- 
crete structures the concrete is placed 
around the reinforcement in for 
the actual place where it will | 
rest. This method ie 1 
as in situ construct ” 
and more ineivisi 
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GENETICS 


LINKED GENES an 


GHROMOSOME MAP 
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BREAKAGE AND REJOINING 
(I.E. CROSSING OVER) 


When linked genes appear in new 
combinations it must be assumed that 
the chromosomes have broken and re- 
joined in another way. 


CHANCES OF BREAK BETWEEN A AND C 
ARE MUCH GREATER THAN BETWEEN A AND B 


Morgan reasoned that the chances of a 
break between two given genes are 
greater if the genes are widely separ- 
ated. He suggested that the rate of 
occurrence of a break between two 
genes (shown by the percentage of re- 
combined characteristics in breeding 
experiments) could be used as a 
measure of the distance between them 
on the chromosome. 


POSSIBLE POSITIONS OF X 


15 UNITS 


POSSIBLE POSITIONS OF Y¥ 


Morgan and his associates worked 
with many pairs of linked genes to 
make their chromosome maps. This is 
a simplified example. Suppose the re- 
combinations AD and CB occur in 15% 
of the off-spring. A and B and C and D 
would then be placed fifteen units 
apart. Now take another pair of genes 
X and Y. The re-combinations AY and 
CX occur is say 5%, so X is 5 units 
from A. But there are two possible 
positions — one each side of A. Which 
is correct? Testing the crossing over 
between X and B will give the answer. 
lf XB and YB occur in 10% then X is 
10 units from B and lies between A 
and B. If XD and YB occur in 20%, 
then X lies on the far side of A. We 
thus have a simple map. Other genes 
can be placed by testing against these 
known fixed genes. 
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THOMAS HUNT MORGAN WITH 
SOME VARIETIES OF 
DROSOPHILA 


ENDEL’S work last century with 
garden peas led him to believe 
that every characteristic of an organ- 
ism was controlled by a pair of ‘factors’ 
in each cell. He suggested that one 
‘factor’ of each pair came from each 
parent. When sex-cells were produced 
the pairs of ‘factors’ split up and one 
went to each new cell. Microscopes 
were not very advanced in Mendel’s 
day, however, and he was unable to 
show how the ‘factors’ could be passed 
on from one generation to the next. 
His work was forgotten for a consider- 
able time. 

During the 1880’s, advances in 
microscopic technique made possible 
the discovery of the chromosomes — the 
thread-like bodies in the cell nucleus. 
Then, in 1900, Mendel’s work was re- 
discovered. Walter Sutton, working in 
America, studied the behaviour of 
chromosomes during division of the 


cells and he realized that the process 
closely followed Mendel’s theory for 
the behaviour of his ‘factors’. Sutton 
put forward the ‘chromosome theory of 
heredity’ — that the ‘factors’ (or genes 
as they are now called) are carried on 
the chromosomes, one of each pair of 
genes on each member of a chromo- 
some pair. This theory is now sup- 
ported by a wealth of evidence. 

Because there are a very large num- 
ber of genes and only a relatively few 
chromosomes, each chromosome must 
carry many genes strung out along its 
length. Breeding experiments with 
various organisms — notably the fruit- 
fly Drosophila —have established a num- 
ber of linkage groups — groups of charac- 
teristics that are normally inherited 
together because their genes are on the 
same chromosome. These linkage 
groups have enabled geneticists to 
‘map the chromosomes’. 


Giant chromosomes from the salivary glands 
of the fruit fly grub. Certain genes are now 
known to occur on certain bands of the 
chromosomes. 


In the fruit-fly, the genes for wing- 
length and body-colour are linked — 
i.e., they occur on the same chromo- 
some. Only one pair of chromosomes 
is concerned in the transmission of 
these characteristics. The sex-cells of 
the original flies each carry a chromo- 
some with either L and G genes or 
s and b genes. 

Flies of the next generation contain 
two chromosomes concerned with 
wing length and body colour. One 
carries L and G genes and the other, 
s and b genes. When sex-cells are 
formed by this generation, the chromo- 
some pairs separate so that each sex 
cell contains either L and G ors and b. 
These join with sex-cells from another 
fly in such a way that only long-winged 
grey and short-winged black flies 
appear in the next generation. 


New combinations occur occasion- 
ally even with linked genes. This can 
be explained only by assuming that 
the chromosomes break and rejoin in 
different ways during division. This is 
known as crossing over and has actually 
been observed under the microscope. 

T. H. Morgan, another American 
scientist, suggested that the greater 
the distance between the two genes on 
a chromosome, the greater the chances 
of a break occuring between them. 
The amount of crossing over between 
two genes could therefore be used as an 
estimate of the relative distance be- 
tween them on the chromosome. In an 
enormous number of experiments, 
Morgan studied cross-overs between 


SEX CELLS 


OTHER COMBINATIONS 
SUCH AS LGsG 

CAN ALSO BE 
PRODUCED 


a large number of genes in Drosophila 
and was able to produce detailed 
‘maps’. 

Chromosome maps are now avail- 

able for a number of other animals and 
plants, although not in such detail as 
the fruit-fly maps. Drosophila has only 
four pairs of chromosomes and many 
of the genes can be ascribed to their 
correct chromosome. 
The linkage groups — corresponding in 
number to the pairs of chromosomes — 
are ascribed one to each pair of 
chromosomes and the map _ con- 
structed. It is possible to do this with- 
out even seeing the chromosomes be- 
cause the map is based only on the 
results of breeding experiments. 


d) ds 


If the genes for body-colour and wing-length were not linked, two pairs of chromosomes 
would be involved — the pair carrying the colour genes and the pair carrying the wing- 
length genes. 

In the original flies, the members of each pair of chromosomes are alike. When sex- 
cells are formed, one of each pair of chromosomes goes into each cell. The first generation 
of off-spring are hybrids but all have long wings and grey bodies because the genes for 
these dominate the black-body and short-winged genes. Each fly of this generation has 
the four genes L, G, s and b, all on separate chromosomes. 

When this generation forms sex cells, each chromosome of a pair can go with either 
of the other pair. There are then four types of sex-cells. Any one of these can join with 
any of the four from another fly and so, allowing for dominance, there are four types 
of off-spring. The original long-winged grey and short-winged black flies have mingled 
their characteristics to produce long-winged black flies and short-winged grey ones. 
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ELECTRICITY 


ANY modern cars can be started 
only by means of the electric 
starter motor, so it is essential that the 
charge in the battery is restored during 
each journey. In this way the battery 
will be ready to turn the engine over 
next time the car is required. 

Not only is it most inconvenient 
when an automobile battery becomes 
discharged or ‘flat’, but this will prob- 
ably shorten the life of the battery as 
well. The plates of the individual cells 
in the battery are likely to be damaged 
further each time it becomes dis- 
charged. 

However, by taking a number of 
quite simple precautions the charge 
can be maintained at a satisfactory 
level and the life of the battery ex- 
tended by several months or even 
years. So if the expense of replacing a 
battery is to be delayed as long as 
possible the charge in the battery 
should not be allowed to run down. 

One of the most frequent causes of a 
battery’s becoming discharged, is that 
insufficient electricity to restore the 
charge is reaching it. (In the battery, 
electrical energy from the  car’s 
dynamo is converted into chemical 
energy which is held in reserve until 
electricity is required.) The deficiency 
in the supply of electricity to the 
accumulator may be a fault in the 
dynamo or in the drive from the 
engine to the dynamo. However, a 
fault of this type should be evident 
from the unsatisfactory performance of 
the electrical devices on the car, e.g. 
head-lights not very bright. Routine 
checking should locate these faults 

It sometimes happens that too much 


Below — Measuring the specific 
gravity of a battery. This gives a 
good indication of the state of 
charge. Right — Topping up a 
battery with distilled water. The 
top edges of the plates should be 


covered. 
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If the terminals of a battery become corroded the high resistance of the scale reduces the 
current entering the battery which becomes flat. Scale should be removed as soon as it ts 
noticed and the terminals given a thin coating of grease. 


PROLONGIVG THE LIFE OF 
AN ACCUMULATOR 


of the electricity produced by the 
dynamo is being used (for the radio, 
fog lamp or spot light) and there is not 
enough left over to re-charge the 
battery. Delivery vans and _ other 
vehicles used for short journeys are 
particularly liable to trouble with flat 
batteries. The frequent starting of the 
engine takes a large amount of current 
from the battery, and a journey of 
eight or nine miles is needed before 
the dynamo can produce enough 


electricity to restore the charge used in 


TO KEEP THEM IN 
GOOD CONDITION, 
|| BATTERIES SHOULD 


starting. The only satisfactory way of 
dealing with this is to charge the 
battery from a mains charger when- 
ever the vehicle is off the road. 

Even when the dynamo is working 
properly, the battery may still not 
receive enough charge. Scale formed 
by corrosion on the battery terminals 
has a high electrical resistance, and 
this scale should be removed as soon 
as it is noticed. A thin film of grease 
wiped over the terminals reduces this 
nuisance without increasing the elec- 
trical resistance of the circuit. 

The volume of the strong sulphuric 
acid in the accumulator’s cells is 
reduced both by evaporation and as a 
result of electrolysis in the cells. The 
deficiency should be made up periodic- 
ally using distilled water. Although a 
battery will still function when the 
acid level is quite low, those areas of 
the plates above the acid will probably 
be damaged through becoming dry. 
Furthermore these electrodes will not 
take part in the chemical reaction 
which stores the electrical energy. The 
battery should always be ‘topped-up’ 
so that the acid covers the top edges of 
the plates. 


| HEAT PHYSICS | 


"TEMPERATURE regulators are 
the instruments needed to keep 

the water in a tropical aquarium at 
68°F or hold the temperature of an 
oven at a steady value, and prevent 
overheating of radiators or nuclear 
reactors. They are very necessary and 
useful and are not very complicated. 
Heat flows into a body when it 
comes in contact with another body 
at a higher temperature. As heat 
flows in, it also flows out into lower 
temperature surroundings because of 
imperfect insulation. The rate at 
which a body heats up depends on the 
difference between these two flows. 
All bodies being heated are like leak- 
ing tanks. No matter how well in- 
sulated they are, there will always be a 
heat leak. So if it is necessary to keep a 
chemical bath or a solid object at a 
steady temperature, heat must be 
given to it all the time, to replace the 


One of the more simple methods of 
controlling temperature is the use of 
Thermocolours. These are sets of paint 
crayons of different colours. A mark is 
made with each crayon on the vessel 
whose temperature is being controlled. 
As the temperature of the surface rises 
the marks change colour at fixed 
temperatures characteristic for each 
crayon. The crayons are made from 
salts of copper, cobalt, uranium and 
other metals. Each salt undergoes a 
chemical change at a certain tempera- 
ture with the result that the colour of 
the chemical changes. These crayons 
are handy for tracing an isothermal (a 
line on a surface, all points of which 
are at the same temperature) on an 
engine or for locating faulty insulation 
in a heating arrangement. It would be 
ideal to have a thermopaint which 
would show the temperature changes 
all over a surface on which it was 
sprayed by changing its colour, but 
such a substance has not been dis- 
covered yet. 
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THERMOMETER 


THIS GRAPH SHOWS 
THE EFFECT OF 
TOO POWERFUL A 
HEATER AND A SMALL 
STIRRING RATE 
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TEMPERATURE 


A type of constant temperature bath used to 
control reactions in a chemical laboratory. 
The two small heaters are for a more uniform 
distribution of temperature. 


heat leaking out. Because of uneven 
temperature fluctuations the rate at 
which heat must be supplied is not 
fixed. In the laboratory the apparatus 
to be kept at constant temperature is 
placed in a bath (or an oven). The 
bath, which is stirred, is heated up to 
the correct temperature with a large 
‘booster’ heater, and then is kept at 
that temperature by the switching on 
and off of a smaller heater. A tempera- 
ture regulator decides when to switch 
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the heat on and off. The sensitivity to 
change in temperature depends on the 
type of regulator used. A small heater 
and a large stirring rate is also to be 
preferred because it keeps the bath 
at a more even temperature than a 
large heater with a small stirring rate. 
The Thermostat 

The different rates of thermal ex- 
pansion of two metals is the principle 
of the ordinary thermostat, used in 
electric pressing irons or in aquaria. 

If a strip of aluminium is fixed to a 
strip of steel along its length and 
heated, the aluminium expands more 
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than the steel and the strip bends. 
When current flows in this strip, i.e. 
it is part of an electrical heating 
circuit, the bending action causes the 
strip to move away from an electrical 
contact and the heating circuit is 
broken. When the bimetallic strip 
cools, it bends back and contact is 
made once more. The contact touch- 
ing the strip, is an adjustable screw, so 
that the temperature at which the 
strip breaks away can be regulated. 
These bimetallic thermostats are 
not as sensitive as mercury or elec- 
tronic temperature control devices. 
Mercury temperature regulators are 
just modified forms of thermometers. 
They are used to control the tempera- 
ture of a liquid. Mercury is contained 
in a U-shaped tube which ends in a 
large bulb or spiral filled with toluene, 
aniline or some liquid which expands 
considerably when it is heated. It also 
must have a high boiling point as it 
must not be allowed to boil. The 
toluene bulb is immersed in the 
constant temperature bath. On heat- 
ing, the toluene expands pushing the 
mercury ahead of it. In a gas heated 
oven or bath the expanding mercury 
closes over a pointed jet and the gas 
supply is cut off. With temperature 
regulators operated on the gas supply, 
the gas must always be allowed to 
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Pneumatic temperature control system. Pres- 
sure changes in the bulb cause pneumatic 
signals to be sent from the transmitter to 
the indicating, recording and control devices. 
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flow through a narrow by-pass even 
after the mains supply has been cut 
off, so that the burners are always lit. 
If this by-pass were not there the main 
flow would be unlit when it started 
again, and this unlit gas would consti- 
tute a serious danger. The temperature 
regulator for ordinary gas ovens which 
depends on the thermal expansion of 
a long brass tube has this important 
by-pass. 

With electrical resistance heating — 
the type of heating in an electric fire 
or cooker, a wire which is in contact 
with the mercury is sealed into the 
bottom of the U-tube. At the top of 
the tube is another probe whose 
distance from the mercury surface can 
be varied. When the mercury is moved 
forward by the expansion of the 
toluene it forms a contact with this 
wire and a circuit is broken. When the 
liquid cools the mercury withdraws 
and the heat is turned on again. The 
mercury in the tube only acts as a 
sensitive switch for the heating circuit— 
no heavy-duty heating current flows 
through the mercury. This type of 
controller is usually used to activate 
a relay which in turn switches the 
heat on and off. 

Electronic Temperature 
Regulators 

These are used to measure very 

high temperatures inside a furnace. A 
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resistance thermometer (which is a coil of 
resistance wire in a porcelain tube) 
is placed in the furnace or high 
temperature region, and a current is 
sent through it. Since electrical resist- 
ance alters as the temperature changes, 
more or less current flows through the 
coil. The change in the current passed 
through an electrical network causes 
a signal to be sent which turns the 
furnace heater on or off. Instead of a 
resistance a special type of semi- 
conducting device called a thermistor 
can be used in a constant temperature 
bath, and will control the temperature 
to a sensitivity of 0:-002°C. Electronic 
temperature controllers are the most 
sensitive of all. 


A_ refrigerator thermostat. Temperature 
variations inflate and deflate the bellows 
which opens and closes a magnetic snap- 
action switch. 
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